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SUMMARY

This report describes the parametrization of time depend-
ent air transport results for prompt and secondary gamma rays
resulting in a computer code which is called Time Dependent
Air Transport of Radiation (TDATR). The report describes the
generation of the data base for prompt gamma ray, neutron and
neutron-induced secondary gamma ray radiation, the parametri-
zation methods for prompt and secondary gamma rays, as well as
the command structure of the resulting code which serves as
the user's guide for the code.

Previous efforts of radiation transport parametrization
involved several versions of a time independent computer code
called ATR (Air Transport of Radiation).
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1. INTRODUCTION

This report deals with a time dependent version of the
Air Transport of Radiation (ATR) code referred to as TDATR.
This version contains the results of the parametrization of
dose responses for prompt gamma ray and neutron-induced
secondary gamma ray radiation in infinite homogeneous air.
Previous versions of ATR(1’2’3) contained time independent
parametrizations for neutrons, prompt and secondary gamma
rays, X-rays and fission product radiation.

The prompt gamma ray time dependent data base was gen-
erated using the MORSE Monte Carlo Code,(a) and the time de-
pendent secondary gamma ray data were generated using the
TDA(S) time dependent discrete ordinates transport code. The

data base is described in Section 2 of this report.

Section 3 describes the parametrization of six dose |
responses for each monoenergetic prompt gamma ray source as |
well as six dose responses for secondary gamma rays due to
three neutron source spectra: fission, thermonuclear and
14 MeV.

Section 4 of this report is intended to serve as a user's
guide to TDATR. It describes the individual control commands
that are needed to execute TDATR. The commands are user
oriented, thus, preserving the philosophy of earlier time
independent versions of ATR.

The appendices contain pertinent source spectra, dose
responses, time parameters, density scaling considerations,
the method employed in solving the convolution integral and
sample problems.




2. GENERATION OF THE DATA BASE

2.1 INTRODUCTION

This section describes the methods used, problems en-
countered, and results obtained in generating a time dependent

data base of radiation transport in infinite homogeneous air.

Crucial to decisions concerning the methods used to gen-
erate the data base and the form of the data base is its
intended use. A driving consideration of the TDATR data base
is the fact that the data must be scaled to different densities.
A detailed description of density scaling of time dependent
radiation transport is provided in Appendix B; here, we
summarize by indicating the scaling transformation. The time
dependent flux ¢(r,t) from an instantaneous point source at time
: t at position T in an infinite nomogeneous medium of density p is
related to the data base flux computed in density o by

o(r,t) = K3¢0(F0,to)

where

= D/Do
%l = KIE|
to = Kt i

| Note that time is density scaled. Thus, ideally, the data

! base should contain a relatively fine resolution in time space
since an order of magnitude decrease in density results in a

i decrease in time resolution by the same order of magnitude.

S ——

——————




Two time dependent radiation transport codes were con-
sidered to perform the necessary calculations t» produce the
data bases -- the TDA(®) (Time Dependent ANISN) Code and the
MORSE Monte Carlo Code.(a) The MORSE Code has the advantage
that results can be computed in local time defined as the
absolute time after source emission minus the time for light
to travel from the source to the detector. The TDA Code has
the advantage of using less computer time for providing
detailed spatial and energy flux descriptions.

The MORSE Code was used for the calculations for prompt pho-
ton sources. The TDA Code cannot efficiently resolve the arrival
and die away of the prompt photons arriving at a detector
with its restriction to absolute time. A typical time reso-
lution for TDA for a detector at 1 km is greater than 10 shakes
(1 shake = 1 sh = 1078 seconds) at the pulse arrival time.

With a local time calculation, however, such as a MORSE cal-
culation, the clock starts when the uncollided radiation
first reaches the detector and the peak can be resolved,
typically, in tenths of shakes -- a factor of 100 improvement
over TDA.

The TDA Code was used for the calculation of time depend-
ent secondary photon transport. The time dependence of secondary
radiation arriving at a detector is driven by the time and
energy dependence of the neutron transport. Photons from in-
elastic neutron interactions arrive on the order of 10-6 - 10-5
seconds after neutron source emission and capture photons arrive
at around 10”3 - 10°2 seconds and make important contributions
out to 1 second. It is necessary to transport the neutrons
down to thermal energies. TDA is ideally suited for this cal-
culation because the time resolution available with TDA is
sufficient and the code solves for the transport of thermal
neutrons more efficiently than by Monte Carlo methods.




Both data bases (prompt photons, secondary photons)
represent Green's Functions for the time dependence of the
transport. The data bases were generated utilizing a ''delta"
function source in time. Dose was computed as a function
of the energy distribution of the source and a time parameter
(local or absolute time). If we denote the data base quan-
tities by G(E,t'), the time dependent dose D(t) from a
source S(E,t) is given by an integral over the source energy
and a convolution in time

e t

D(t) =[dE[G(E,t')S(E,T)dT

where

The following sections describe the details of the data
base generation utilizing MORSE for prompt photon sources and
TDA for secondary photons from neutron sources.

2.2 DATA BASE FOR PROMPT PHOTON SOURCES

The MORSE Monte Carlo Code was used to compute the data
base of time dependent air transport from prompt photon sources.
The same P5, 18 energy group cross sections that were used for the
time independent calculations 2) were employed in the time de-
pendent data gase generation. Scalar fluence and five dose re-
sponses: tissue, concrete, air, silicon and tantalum were calcu-
lated. The energy group structure and dose responses are given
in Table A-3. Separate calculations are performed for sources
uniformly distributed in each of the 18 energy bands. The air
was homogeneous with density L.11 x 1073 gm/cc.

10




The doses were scored On spherical surfaces centered
on the source point. Local time was used to record the

time dependence. Local time, T is related to the absolute

Ll
time, TA, after source emission by

TL = TA - R/C
where R is the radius of the detector from the source and C is the

speed of light. Thus, the uncollided radiation for an instanta-
neous source arrives at TL = 0.0. The doses were resolved into

9

6 time bins per decade from 1077 to 10-4 sec local time.

With P5 expanded cross sections, the MORSE Code utilizes
three discrete scattering angles for each group to group energy
transfer. When a collision event occurs during the random
walk, the outscatter energy group is sampled, then one of the
three scattering angles for the specific incoming-outgoing
energy group set is selected. A ray-effect phenomenon was
discovered in the early time dose rates due to the discrete
angle scattering treatment in MORSE.

At times <100 ns, the dose rate computed with the con-
ventional MORSE Monte Carlo Code exhibited nonphysical varia-
tions when resolved into six time bins per decade as shown in
Fig. 1. The "humps'" in the dose rate were attributed to the
discrete angle scattering. Single scattered photons are the
primary contributor to the early time dose and the correlation
between the time of arrival at a detector of singly scattered
photons and the discrete scattering angles causes the nonphysical
dose rates.

The distance traveled and the time for a single scattered
photon arriving at a detector is pictorially presented in Fig. 2.
A photon travels uncollided to its first collision site a distance

11
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x from the source point. It then undergoes a scattering
through angle 6 and travels distance y to the detector. The

% local time at the detector of the photon arrival is (y-z)/C.

Elementary calculus will show that the maximum time of arrival

occurs when the uncollided distance is given by

e el
V2 (cosb + 1)

x:
where R is the radius of the detector. The maximum time of

arrival is

_R 2 %
Thax = T [(cose ¥ I) % 1]

The arrival times of all singly scattered photons which
scatter at a given cosine were calculated. The results of
a typical calcnulation are shown in Fig. 3. The arrival times
are weighted by an inverse exponential of the total number of
mean-free-paths traveled by the photon. The distribution shows
a sharp peak near the maximum arrival time (the latest time
a photon scattered at the given cosine can arrive at the
detector).

The sharp peak near the maximum arrival time gives rise
to the ray effect (if it were uniform there would be no corre-
lation). Table 1 gives the maximum and average arrival times
for single scattered photons for the four smallest scattering
: angles from Group 1 (10-8 MeV). The first three arrival times
correspond to the "humps' seen in the data. At later times,

more and more contributions come from multiply scattered photons
( and the ray effect is hidden. 1




h "1-W9 ¢-CT x %¥8°¢C
sem 3T 3UTI933EOS I93Fe f{.WO ¢-0T x Z€'¢ sem Surisjjeds
21033q UOT]D3S $SOID [EIO0I dYL '6/96°(0 PUISOD IB POI23IIEBOS

@18uts suojoyd 103 w ¢¢¢ 3B UOTINQTIISTP dWII [BATIIY ‘¢ 2an31g
(0Z/XVWL 3O satuf) Teatraay jo awyg
0¢ 81 91 1 A 0T 8 9 7 4
Uil T 3 T T T T T T T 0
-4 %00
<4 80°0
- C¢1°0
SU GT = ‘XVWL ‘PwWr] TeATiay wnuIxXep 910
SI939)] 971°G6G66 = 23uey
6L96°0 = @2u1rso)y Butis
0 9] II1333ed§ - 0z°0
J

%T°0

Iy31eM eATIRIY

15




‘2an3oni3s dnoald uojoyd g1 vumvcmum*

7€ ¢S L°1 9°'¢C A L9%6°0
0°¢ 0°¢ 6% ¢'1 £ %0 6L96°0
¢8°0 ¢ L iv'o ¢9°0 e E £986°0
6T'0 8¢°0 tL°0 61°0 1 %L 6566°0 9
(soyeys) (s@3eys) (s9aeys) (s@eys)
PePTITOD ®°uQ PePTTITIOD ®2UQ POPTTITOD 22UQ | PIPTITOD d9UQ | ypiojsuea] 2UTsop
SATIIY 03 LWl dATIIY 03 9ATIIY 03 SWI] aATIIY O3 dnoxs | 3utaslzeods
93e1aAy paily3ToM SWT] WnuIXel | 28easAy pa3y3TeM | SWT] WNWIXER 031 dnoap 93219S1(Q
S1939W (0€ OIIT = °23uey SI939W 91°G6GG = 23uey
*s9ursoo Juraaljeds usaa1ld ao0j suojoyd
pa21933e0Ss 9T3UTlS 10J SawWIl JeATIIE 93BIDAR pUB WNWIXEBR ‘T 9TqEL




The MORSE Code was modified to sample the scattering
cosine from the continuous Klein-Nishina distribution for
the first scattering only and then continue with the discrete
scattering angle selection on subsequent collisions. The
results of this computation were compared in Fig. 1 with the
previous results. The first-collision Klein-Nishina sampling
removed the correlation which gave the non-physical ray effect
with the conventional MORSE calculation.

Figure 4 compares the flux at 444 meters computed using
the Flair Code(6) with the ATR data base. There is good agree-
ment between the two sets of data. Figure 5 shows the tissue
dose rate at several ranges for a prompt gamma ray fission

source.

2.3 DATA BASE FOR SECONDARY PHOTONS

The TDA (Time Dependent ANISN) Code was used to generate
the secondary photon data base. The TDA Code determines the
solution in time space by using the ANISN procedure to solve
for the flux at each time step utilizing the flux extrapola-
tion from the previous time step plus any source emission
during the time interval.

Proper choices of spatial and time meshes are crucial to
a good solution from TDA, since they cannot be selected inde-
pendently. A problem involving an instantaneous source (delta
function) will have a '"'wave' of uncollided and few within group
scattered particles which move through the system at a speed
corresponding to the speed of the average group energy. A fixed
spatial mesh which is fine enough to cover the wave at all
points in the system would require a prohibitive amount of core
storage and result in very inefficient, time-consuming calcu-
lations, to iterate through the fine mesh as the wave front
passes.

17
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Tissue Dose Rate (Rads/sec)
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A time dependent spatial zoning package was incorpor-
ated into the TDA Code to permit the use of fine zones near the
wave front (where most interactions are taking place) and rela-
tively coarse zones elsewhere. At each time step the system
is rezoned to accomodate the movement of the wave. Addition-
ally, the rezoning is performed such that certain ranges input
by the user corresponding to detector distances are always
zone centered. Input to the zoning package includes the upper
and lower bounds on the wave velocity, the number of fine
zones, and the number and range of detectors.

Three source distributions were used for the TDA calcula-
tions; a weaponized fission, a thermonuclear, and a 14 MeV
neutron source. These source distrubtions are identical to
the source options in the ATR-4(3) code and are tabulated in

Appendix A. The time bins and detector distances are also

Typical results of the TDA calculations are shown in
Figs. 6 thru 11, Neutron and secondary photon dose rates
at one kilometer are shown for each source distribution. The
neutron data base was not parametrized in TDATR, only some of

provided in Appendix A.
the data is presented here for the sake of completeness.
1
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3. PARAMETRIZATION OF THE DATA BASE

The data base that was used for the parametrization
of the prompt gamma rays consisted of data at 22 ranges out
to about 390 gm/cm2 and 25 local time mesh points out to
lO_5 seconds for the following six responses:

1 Total Fluence

2 Henderson Tissue Dose
3 Concrete Dose

4. Air Dose

5 Silicon Dose

6 Tantalum Dose

There are detector response values in each of the 18 mono-
energetic source groups. The dose factors and the source

energy breakdown are detailed in Appendix A.

For the secondary gamma rays there were three standard
neutron sources that were used and the same six responses

were determined for each. The source spectra were:

i Fission
2. Thermonuclear
s 14 MeV

The source weight values are detailed in Appendix A for the
fission and thermonuclear source; the 14 MeV source represents
the data in the 12.2 - 15 MeV neutron source band. The results

27




were determined for 85 ranges out to about 400 gm/cm?. There

were 40 time mesh points in absolute time out to the maximum

value of two seconds.

3l PARAMETRIZATION OF PROMPT GAMMA RAYS

The data was displayed through various forms of plots
both as a function of time as well as range in order to eval-
uate trends. Since data generated by Monte Carlo techniques
result in statistical variations, it was difficult to ade-
quately categorize the information and some averaging through
curve fitting was necessary. There were two categories of
data: one included the total fluence, Henderson tissue and
tantalum dose values and the other contained the remaining
three dose responses. The following ratio function was calcu-
lated for each of the responses in the first category:

R, (E R LR 4 = 1,9
s\ ')t » P = ’ J j H J = ]
2 iy R A Di(EjO’tk’pl) 0 0

where Di(Ej,tk,pQ)represents the response values (total fluence
or dose) as a function of source energy band Ej’ time t, in
seconds, range ch in gm/cmz. The index i has values of 1, 2

or 6 representing the total fluence, Henderson tissue dose or
tangélum dose respectively. The index j ranges from 1 to 18
representing one of the 18 monoenergetic source groups. The
index jO in the denominator is one for j = 2,3,...,8 and nine
for j = 10,11,...,18. That is, 16 ratio functions are generated
for each response such that source groups two through eight

are divided by the first (highest energy) source group and
source groups 10 through 18 are divided by the ninth source
group. The indices k and ¢ appear simply to indicate that tx

and p, are time and range parameter variables.
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The ratio function was then curve fitted according to
the following relationship:

in [Ri(Ej,tk,pﬂ = aj + a,p + azp2

where the a  are the coefficients of the parameterization and
the index 2 has been removed from the range variable to indi-
cate that it is being treated as a continuous variable. Note
that indices, i, j and k are being treated as parameters.

The denominator of the ratio function has a considerably
more complicated form and it was parameterized separately
according to the following relationship:

b
L 3 /(FFC s

+ b5T2 + b613
where

T = &n t{ C1 = -10.82, C2 = 10.0, C3 = 13.0

the bm are the coefficients of the parameterization, jo = §-9.
and the index k has been removed from the time variable in
order to indicate that it is treated as a continuous variable.

The ratio function is evaluated for those sources that
require it and multiplied by the denominator of the ratio
function. Then, in order to generate Di(Ej,t,p) for
te St <ty and P X P < Pryrr the four values: Di(Ej’tk'pk)
Di(Ej,tk+l.pk), Di(Ej’tk’°k+1)’ Di(Ej'tk+l’°k+1) are evaluated
and a double interpolation scheme is used.
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For the remaining three dose responses: concrete, air
and silicon dose, the following ratio function was generated:

BB 6 o ,)
i TRy ;
kB By D) = i= 3,4,5

where DZ(Ej’tk’pl) represents the Henderson tissue dose response.
This ratio function has a rather straightforward behavior

in that it was represented by an averaged constant or a series
of straight lines as a function of the range parameter. Thus,
only one or two coefficients are needed to be stored in order

to regenerate the ratio function which is then multiplied by
DZ(Ej’tk’pz) to regenerate the Di(Ej’tk’pl) which are needed

for the evaluation of Di(Ej't’p) as previously described.

3.2 PARAMETRIZATION OF SECONDARY GAMMA RAYS

For secondary gamma rays there was a greater similarity
between the various responses than for prompt gamma rays, thus,
the responses were more readily categorized.

First, the total fluence was parametrized for all three
sources by the following function:

a
n [Dl(Sj,tk,p)] = a, + ap + a292 + a3p3 +—% + ag Yo

where Dl(Sj,tk,p) represents the total fluence response for
source spectra Sj(j = 1,2,3 representing the fission, thermo-
nuclear and 14 MeV neutron sources respectively), the t, are

the time parameters, p is the continuous range variable and the

a  are the coefficients of parametrization.
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Then, for the remaining dose responses the following
ratio was generated:

Ri(sj ’tk’pQ,)

where 20 = k.

Figure 12 represents examples of Ri(sj'tk’pz) for the
fission source as a function of range with time being the
parameter.

The ratio function, Ri(sj’tk’pl) was parametrized accord-
ing to the following scheme. For 1i=2, that is the Henderson
tissue dose, the following function was used:

al 2
n [Rz(Sj,tk,o)] = a, + vy + a,p = a,p

where the a ~ are the coefficients of the parametrization.
For the remaining dose responses the ratio function was treated
as a perturbation of R2(Sj,tk,p), that is:

Ri(Sj,tk.o) - Rz(Sj.tk.p) P(Sj.tk,o) ,» 1=3,4,5,6

where P(S..tk,p) is a perturbation function of the range
1 variable t%at is represented by simple straight line functions
- - 1
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The second term of the ratio function, Ni(sj’tk)’ can be
viewed as a normalization function in time, and it ensures that

the value of the ratio function is 1.0 at the first range value.
Figure 13 shows a representative sample of the time ratio function

for the 14 MeV source as a function of time for two dose responses.
This term was parametrized separately by the following function
of time: let t = n t

i 2

Rn[Ni(Sj,tﬂ = a, + apt + a,t
+ a313 + aAT4 for £ 2 1.33 x 1074 sec
= by + blr for € > 1,33 % 102 gec

where the a and bn are the coefficients of parametrization.

Thus, the value of Di(sj’tk’pl) can be obtained by:

b LSy T Ni(sj’tk)

v 1=2,. 3,060 ,6

and a double interpolation scheme is used to find the response

value at an arbitrary time and range value.
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4. TDATR COMMAND STRUCTURE

The TDATR command structure is similar to that of ATR
with minor modifications and additions. A typical TDATR
command is of the following general form:

*<COMMAND WORD>,<UNITS DEFINITION>,<LIST OF VALUES>

All commands must begin with an asterisk. If a TDATR command
is too long to fit on a single 80-character line, the command
may be continued on subsequent lines not beginning with an
asterisk. The restrictions on continuation are that no single
part of a TDATR command, such as a number, may itself be split
into two lines and there should be at least two numbers (values)
on the first card image.

The command word is a mnemonic name for the type of action
to be taken. Examples of command words include:

N-SVAL - Source values for neutrons

LTIME - Specifies local time for output

TITLE - Title of a TDATR problem output with the string
that follows the first blank after the command
word.

A complete list of the commands for TDATR is contained in
Table 2. The upper-case letters in the figure indicate specific

syntactic elements while the lower-case letters indicate para-
metric fields. Table 3 contains a short synopsis of the individual
commands .

The second field of the general command, the units definition,
is delimited by commas. The units definition field, which is
optional, serves to explain the meaning of the numbers in the
list of values that follows. Typical units include:
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Table 2. List of TDATR commands.

*N-SOURCE values
*G-SOURCE (1)

*G-EVAL, units, values
*G—SVAL(i1 i2 ...), units, values
*G-STVAL, units, values
*G-GAUSS to B FWHM
*G-TIME, units, values
*y-NORM value

*y-YIELD value

*xx, units, value(s)
*GROUND, units, value
*RESP/z/(il i2 Sy
*LTIME/z/, units, values
*ATIME/z/, units, values
*TITLE n

*EXC

*STOP

*FIN

N or G which stands for either neutrons
or gamma rays.

G or NG which stands for either gamma rays
or secondary gamma rays.
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SOURCE

EVAL
SVAL
STVAL
GAUSS

TIME
NORM
YIELD

XX

GROUND
RESP

LTIME
ATIME
TITLE
EXC

STOP
FIN

Table 3. Synopsis of TDATR commands.

indicates that the ith source option will be chosen
for prompt gamma rays or gives the weighting values
for neutron sources

indicates that the energy group boundaries will
follow

indicates that the energy dependent source intensity
will be entered

indicates that the time dependent source intensity
component will be entered

parameters that define a Gaussian time dependent
source

time bins used for time dependent source specification
source normalization value follows
yield of source

indicates the geometry component and associated
values will follow

specifies the ground evaluation

a response function selection for secondary or
prompt gamma rays will follow

the local time bins of interest for time dependent
radiation environment will follow

the absolute time bins of interest for time dependent
radiation environment will follow

alphanumeric character string to be used as a title
will follow

an action command to execute the problem specified
by prior input

indicates the end of a problem

indicates the end of a TDATR session
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MEV - energy values

KEV - energy values
PER SEC - source normalization values
NANO - time values

Specific sets of unit definitions are appropriate for
each command, as will be indicated in subsequent sections of
this report. A default unit definition has been selected from
the set appropriate to each command, and is used whenever the
units definition with its surrounding commas is omitted.

The list of values element of an TDATR command is used to
specify the numerical data that a command may require. A
number in a list may appear in a variety of forms to suit the
particular user or problem. For example, some of the forms
in which the number 400. may appear are as follows:

400 400. &4.E+2 4E+2 4.+2 442 4000-1

At least one number must appear in a list of values element.

Two or more numbers are separated from one another by the
occurrence of one or more blank characters. Therefore, the
user is restricted from specifying a number in which internal
blanks appear, or which is split on two or more card images.

A further restriction exists upon the magnitude of such numbers:
since a number is interpreted as a function of up to three
integer parts (a whole part, a fractional part, and an exponent),
none of the parts of a number may exceed in magnitude the
greatest integer value appropriate to the host machine, nor can
the number generated from these three parts exceed the host
machine's allowable range of representable numbers.

Section 4.2.1 contains a description of other convenience
features associated with the entry of a list of values.
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4.1 SOURCE SPECIFICATION

4.1.1 General Source Input Description

The specification of the source distribution for TDATR
is complicated by the fact that the prompt and secondary gamma
rays were treated rather differently during the parametrization
and the source specification must reflect those differences btut
at the same time must also adhere to the general framework.

Since there are only three possible neutron source selections

for which secondary gamma ray data were parametrized, there is no

energy dependence as such but a mix of fission, thermonuclear
and 14 MeV sources is possible through the use of the *N-SOURCE
command which allows for the specification of the three relative
weights. The detector response values corresponding to the
three source spectra are evaluated and multiplied by the cor-
responding weights and added together. The weights can be
normalized by the use of the *N-NORM command which specifies
the total normalization in neutrons/kT. The weapon yield can
be specified by the *N-YIELD command which allows the input of
the yield in KT of the weapon. There is no time dependence of
the neutron source, the weight factors act as a delta-function
source.

The prompt gamma ray source specification allows for a
full two-dimensional source spectrum, i.e.: specification as
a function of time as well as energy is possible. The source
component entry as the function of energy is facilitated
by the *G-SVAL command and its corresponding structure,
if different from the data base, is specified by the *G-EVAL
command. There are four different ways that the source values
can be defined as a function of time:
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Delta function |
A {
Gaussian

Separable time-energy functions |

2.
2.
.
4.

Individual source values entered into the
time-energy source matrix

The differentiation of the various types is specified by

the *G-SOURCE(i) command where i is the index of the source
types corresponding to one of the above choices. If S(E,t)
represents the source spectrum as the function of energy and
time, then the energy dependent delta-function values (at t=0)
are specified by a special form of the *G-SVAL command.

There is a special time dependent shape of the source spec-
trum that can be entered via the use of the *G-GAUSS command which
is of the following form:

(t—to)2
: 20
f(t) = B e
where ¢t is the mean of the Gaussian, B is the amplitude at
o -
t=t, given by: B = (a/o /27 ) where a is a constant and o is the

variance that is related to the full width at half maximum (FWHM)
by the formula:

FWHM
g = = FWHM*.42466
2 43 Jein .5

The *G-GAUSS command contains the value of t, in units of
shakes, B in units of MeV/second and FWHM in units of shakes.
Then TDATR will evaluate o and will place the time dependent
values into the array S(E,t) by weighting the Gaussian values
by the energy dependent source values entered via the *G-SVAL
command. Also, the value of B will be modified by the time
independent energy spectrum from MeV/sec to photons/sec by

using the average energy. The time values at which the S(E,t)
are evaluated is entered via the *G-TIME command which also

applies to the third and fourth type of prompt gamma ray source.
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The third type of prompt gamma ray source assumes that
the source spectrum is separable in time and energy. That is,

the source function S(E,t) can be written as: S(E,t) = g(E)f(t).

The function g(E) 1is strictly a function of energy and is
entered via the *G-SVAL command; the energy structure is given

by the *G-EVAL command or it defaults to the internal structure.
The function f(t) 1is strictly a function of time and is entered
via the *G-STVAL command with values corresponding to source

time boundary values entered via the *G-TIME command. The

S(e,t) matrix will be filled in by the point by point product

of the two functions.

The fourth type of source definition allows for an entry
of every matrix element of S(E,t) by the use of the *G-SVAL
command that allows for a time index to be specified where the
energy dependent values are to be entered. Again, the energy
and time structure can be entered via the *G-EVAL and *G-TIME

commands respectively.

For prompt gamma rays the commands *G-NORM and *G-YIELD
commands also apply; the application of normalization and
yield will take on the following form. If N is the value
of the normalization in photons/KT, Y 1is the value of the
yield in KT and S'(E,t) 1is the source matrix in per MEV per
second, then the final source spectrum is described by:

NY S'(E,t)
FroS (B ) dETdE

S(E,t) =

where the double integration becomes a double sum since the
energy and time boundaries are discrete values corresponding
to the discrete values of S'(E,t).

The maximum number of energy, time or source values
allowed is arbitrarily limited to 50.
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4.1.2 Specific Source Commands

4.1.2.1 *N-SOURCE values

This command specifies the three source weight values
separated by one or more blanks that will weight the results
of secondary gamma rays from the neutron fission, thermonuclear
and 14 MeV sources respectively. If less than three values are
entered, then the remaining weights will be zero. There is no unit
definition for these values since they are simply used as weighting
factors for the respective source contributions. Aside from the
optional *N-NORM and *N-YIELD commands, this is the only command
necessary for the neutron source definition.

Examples:

*N-SOURCE .25 .25 .5

which specifies a weighting factor of .25 for both fission
and thermonuclear sources and a weighting of .5 for the

14 MeV source.

*N-SOURCE 0 0 1

which indicates that only the 14 MeV source is used.

4.1.2.2 *G-SOURCE({i)

This command specifies the intended source spectrum struc-

ture of a prompt gamma ray source. The value of i is 1,2,3 or 4
denoting one of the four types of sources that were detailed in
Section 4.1.1. Other accompanying commands will specify the
value details of the source spectrum. Note the similarity
between this command and the one described in Section 4.1.2.1.

Example:

*G-SOURCE (2)

which specifies that a Gaussian-type source will be used

for the prompt gamma ray source spectrum and the para-

meters of the Gaussian will be supplied by the accompany-
ing *G-GAUSS command.
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4.1.2.3 *G-EVAL, units, values

units = MEV, KEV. If ",units," is not specified then
the default is MEV,

values = energy point or histogram values from low
energy to high energy ascending order.

Note that if units are not specified than the surround-
ing commazs must also be omitted. The distinction between point
or histogram values will be made by TDATR by counting the number
of values entered with a éorresponding *G-SVAL command. If the
number of values are the same then a point value is assumed, if
there is one more energy value than source value then a histo-
gram value structure is assumed, otherwise the code will indicate

an error condition.

If this command is not present then the code assumes the
internal 18 group structure listed in Appendix A.

Example:

XG=EVAE 01 038 b ea 8 el i o8 L s 6 8 LD

which represents the energy values for a prompt gamma ray
source in units of MeV which is the default.

G 2 *G-SVAL(il i2 ...), units, values

,i, = ordinal indices of time bins into which

b S
’ e 2 k
the values are to be placed separated by one or more blanks. This

construct will only be present when the fourth prompt gamma ray
source specification is desired because the delta function,

Gaussian and separable source functions do not have an explicit
time index associated with them. If this construct is not pre-
sent then the surrounding parentheses must also not be present.

units = PER MEV, PER KEV, PER GROUP; the default is
PER GROUP. Note that point source values with a PER GROUP unit
specification make 1o sense and will result in an error con-

dition.
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values = energy dependent source values that will be used
to compute the actual source values. These values correspond
to a given set of energy values provided that the *G-EVAL com-
mand is also present, otherwise the values correspond to the inter-
nal 18 group energy structure. These values must correspond to
the energy values in an order which is low to high in ascending
energy order.

If the fourth source option is used then perhaps several
commands will be necessary to fill the whole source matrix. The
source values corresponding to unspecified ordinal indices will

be set to zero:

Examples:
*#G=SVAL (L 3 5), BER MEV, 01 1.5 2 2. 2" 29" .02

which has the effect of placing the six low energy source
values as a function of energy into time bins 1, 3 and 5.

*G-SVAL, PER GROUP, .1 1 2.2 0.5 1-3 2-4

which specifies the energy weights for the six low energy
bins for any one of the first three types of sources.
Note that the units definition is PER GROUP which is
superfluous since it is the default definition.

4.1.2.5 *G-STVAL, units, values

units = one of PER GROUP, PER NANO, PER SHAKE, PER MICRO
PER MILLI, PER SEC; the default unit is PER SHAKE.

values = time dependent source values for the separable
source spectrum case; i.e. values of f(t) as described in
Section 4.1.1. The order of the values is assumed to be from
low to high corresponding time values entered via the *G-TIME
command.

Example:
*C~STVAL, PER SEC, 2 1.5 1 .3 .1 .01 .Q01

which specifies seven values corresponding to a time bin
structure that is entered via the *G-TIME command.
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4.1.2.6 *G-GAUSS t B FWHM

The values of to' B and FWHM which are the parameters
of the Gaussian time dependent source function as detailed in
Section 4.1.1. The units of t, and FWHM are shakes and B
has energy units of MeV/sec. The code will evaluate the average
energy from the time independent spectrum and modify B to
photons/sec.

Example:
*G-GAUSS 100 1 10
which defines a Gaussian time dependent source shape

centered at 100 shakes, has an intensity of 1 MeV/sec
and is 10 shakes at FWHM.

4.1.2.7 *G-TIME, units, values

units = one of NANO, SHAKE, MICRO, MILLI, SEC; the
default unit is SHAKE.
values = time histogram boundary values corres-

ponding to the time dependent dimension of the source speci-
fication. The values must be entered from low to high.

Example:

*G-TIME 0 10 21.5 50 100 400 800 1+3 3+3
3 5#3 1+4 2+4 6+4 1+5 1+6 148

which specifies the time boundary values for the
prompt gamma ray source in default units (shakes).

4.1.2.8 *y-NORM value

y = N or G representing a neutron source or prompt
gamma ray source normalization respectively.
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value = total source normalization in particle/KT. There

is no default value for total source normalization and if this

command is not specified then the source values entered via

other commands will be used. The normalization procedure is

described in Section 4.1.1.

Examples:
*N-NORM 2+23

which normalizes the neutron source weights to 2x1023.

*G-NORM 1

which normalizes the total prompt gamma ray source spect-
rum to one.

4.1.2.9 *y-YIELD value

y = same as in Section 4.1.2.8.

value = weapon source yield in KT. The default value

of the yield is one and there is no explicit unit definition for

this command.

4.2

4.2.

Fig.

¢

Examples:
*N-YIELD 100

which specifies 100 KT as the neutron yield of the weapon.

*G-YIELD .02

which specifies .02 KT as the yield for prompt gamma rays.

GEOMETRY SPECIFICATION

General Geometry Input Description

The geometry configuration for TDATR is illustrated in
14 where the component coordinates are:
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Hg (HS) =
HT (HT) =
Rg (RS) =
Ry (RH) =

8 (AN) =

Three consistent

source altitude

target altitude
slant range
horizontal range
slant angle

component specifications define a complete

geometry configuration with respect to the ground level (as
long as one of them is either HS or HT), and the other two

components can be calculated from the three.

requires the specification of three geometry components one of

which may have several different values up to 50.
output results are then displayed for the various geometry com-

binations. The format of the input commands is

*xx, units, values

where xx 1is replaced by one of HS, HT, RS, RH, AN. The unit

options include most of the reasonable units that are appropriate

(see Section 4.2.

2.1). Values may be specified in a list

separated by blanks or in the format: ny (n) n,, signifying
values ranging from n; to n, in steps of n. 1In this case n,

must be arithmetically greater than n,.

entering values is of the form r*v where r 1is a repetition

factor and v 1is the value to be repeated r times. Any of

the constructs or mixture of constructs may be used for the
definition of the values. The description of these two con-

venient constructs is most appropriate here; however, they can

be used with any other command that requires a list of values

for input.

Two of the possible geometry configurations result in
ambiguities. When RH, RS and HT are specified, there is no
inherent information whether HS should be placed above or
below HT. 1In order to resolve the ambiguity the characters
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"+'" and "-" should be used with the *HT command to indicate
that HS should be placed above or below HT respectively (e.g.,

*HS- 1000). The other ambiguity occurs when RH, RS, and HS are

specified and the placement of the target height is in question.

In this case, the + and - characters are used with the *HS

command to place the target above or below the source respectively.

If no character is specified then the default is +.

There is also an option in TDATR to move the ground to a

desired altitude. It is effected by the *GROUND command and all
specifications involving HS and HT are interpreted relative to

the ground. When sequential runs are computed with TDATR, the
ground is not automatically reset to zero unless respecified
by another *GROUND command or a *STOP command is encountered.

4.2.2 Specific Geometry Commands

4.2.2.1 *xx, units, value(s)

xx = one of RH, RS, HT, HS and AN denoting horizontal
range, slant range, target height, source height, and slant
angle respectively (Fig.14).

units = one of M (meters),6 KM, MILE, YD, KFT, and FT for
the distance specification and one of DEG (degrees), RAD
(radians), and COS (cosine) for the angle specification. Be-
cause of the symmetry of the geometry configuration about the
source, the range of admissible angles is from -20° to +90°.
Default unit for the distance specification is M (meters) and
for angle it is DEG (degrees).

value(s) = one or more values of the corresponding geo-

metry component. The maximum number of values for any coordinate

is arpitrarily fixed at 50.
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As mentioned above, three of the geometry commands define
a complete TDATR geometry. Each geometry component may have
several values in principle; however, the intended use is for
two of the components to have single values and the third com-
ponent to have one or more running values. Another typical use
is to have multiple values for two components and one value for
the third, in which case the two components with the multiple
values will be successively paired and used with the single value
of the third component.

There is a special unit definition option (GM) for xx = RS
which is allowed if the following geometry configuration is
specified: HS, HT, RS. 1In this case the values associated with

] the xx = RS command are interpreted as g/cm2 of the slant range.
The GM unit option is restricted to this configuration only.

Examples:
1. *HT +, KM, 1

*RS, KEE, *.5: (.5) 10
*RH 100

which specifies the target height at 1 kilometer,
several values of the slant range starting at .5
kilofeet and ending at 10 kilofeet in steps of .5
kilofeet, and the horizontal range at 100 meters.
Note that the different coordinates may be specified
in different units. Also, the source altitude will
be calculated to be above the target altitude.

2. *HS 2000
*AN, DEG, 10 (10) 80
*RS, KM, 1

which specifies the source altitude at 2000 meters,
the slant angle ranging from 10 degrees to 80 de-
grees in steps of 10 degrees, and a slant range of
1 kilometer. The DEG unit specification for the
slant angle is superfluous since it is the default
unit.

3. FHS, KM, 2
*HT, KM, 2
*RS, GM, 50 120 380 410 550
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which specifies co-altitude of both source and target
at 2 kilometers above the ground and the slant range
of 5 different values in units of g/cm2.

4,2.2.2 *GROUND, units value

units same as distance specifications in 4.2.2.1.

value = distance of the ground relative to sea level
for the TDATR problem geometry.

If this command is not specified then sea level will be
used for the ground level. If this command is specified,
corresponding HS or HT specifications are interpreted relative

to the ground level.
Examples: [
1. *GROUND, KM .5

which specifies the ground to be at a half kilo-
meter.

2. *GROUND 500

which has the same effect as Example (1) since the
default unit definition is meters.

4.3 OUTPUT RELATED SPECIFICATIONS

-
~

4.3.1 General Output Command Description

These commands allow the user to specify the output con-
figuration of results from TDATR. The *RESP command specifies
the type of response that is required for output. It can specify
any or all of the following:

Total Fluence
Tissue Dose
Concrete Dose
Air Dose
Silicon Dose

AN BN

Tantalum Dose

2L




The response functions used to generate the doses are listed
in Appendix A.

The output times can be specified either as local time
by the use of the *LTIME command or as absolute time by the
use of the *ATIME command. Only one should be specified but
both appear on the output.

The *TITLE command is used to provide the title for the
individual TDATR problem and it is useful when several problems
are run in a given TDATR session.

There are three control commands that are also described:
*EXC, *STOP, *FIN. After the source, geometry and output
commands are specified for a TDATR problem, the *EXC command
is used to execute the problem and display the results. For
subsequent problems only those elements of the problem description
are needed to be specified that differ from the previous problem.
If radical changes of problem descriptions occur then the *STOP
command should be used to reinitialize the parameters of TDATR
and the problem must be described in full detail. The *FIN
command is used to terminate a TDATR session.

4.3.2 Specific Qutput Commands

4.3.2.1 *RESP/Z/(il i2 Y.

z = either G or NG representing prompt gamma rays or

neutron generated secondary gamma rays respectively.

il,iz,... = response option indices separated by
blanks. These are single digit numbers (1 through 6) cor-
responding to the fluence and dose options described in Section
4.3.1. Any or all of the six options may be present in any
order.
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Examples:
1.. *RESP/G/(L 2)

which specifies the output of total fluence and
tissue dose for prompt gamma rays.

2. *RESP/NG/(3 &)

which specifies the output of concrete dose and air
dose for neutron generated secondary gamma rays.

4.3.2.2 *LTIME/z/, units, values

z = same as in 4.3.2.1.

units = one of NANO, SHAKE, MICRO, MILLI, or SEC repre-
senting the possible time units. The default is NANO when the
unit definition is not specified in which case the delimiting

commas must be absent.

values = local time values from low to high order re-
presenting the local time boundary values used for the time

dependent output.
Examples:

L.  SLPIMR/G/ 05 11 10 25 38
40 60 80 100 300 500 800

for prompt gamma rays in nanoseconds which is the

:
4 which specifies the output local time boundary steps 1
default unit specification.

:
3
:
2. *LTIME/NG/,SEC,5-10 1-9 5-9 1-8 5-8 |
1=7 6-7 1-6 356 &6 86 ]

:

which specifies the output local time boundary steps
for secondary gamma rays in seconds. :

4.3.2.3 *ATIME/z/, units, values

z = same as in 4.3.2.1.

units = same as in 4.3.2.2 including the default para-
metex.
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values = absolute time values from low to high order
representing tne absolute time boundary values used for the
time dependent output.

Only one of *LTIME or *ATIME should be specified for a
given TDATR problem per 'particle'.

Examples:

1. *ATIME/G/,SEC,1-7 1-6 1-5 1-4 3-4
G-t SR G S S R S

which specifies the output absolute time boundary
steps in units of seconds for prompt gamma rays.

2. HFATIME/NG/ MILLIL,; 14 1-3 1-2 L .3
TR R A Ho Yo R 0 I S (910 SR 101017,

which specifies the same values for output absolute

time as in Example 1, only the unit specification is
different and it applies to secondary gamma rays.

4.3.2.4 *TITLE n

n = up to 74 characters used as a problem description
title to identify the output. The title will remain in effect
until replaced by a new *TITLE command or cleared by the effects
of the *STOP command.

Example:
1. *TITLE SAMPLE TDATR PROBLEM 1
which would result in the string "SAMPLE TDATR

PROBLEM 1" being displayed with the output of
TDATR results.

4,3.2,.5 *EXC

The effect of this command is to execute the TDATR
problem that is specified. The relative order of the previously
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described commands is immaterial but when this command is en-

countered the specified problem is executed.

4.3.2.6 *STOP

This command clears all flags and internal buffer areas
set up by previous specifications. TDATR is initialized and a
complete problem specification must follow this command.

4.2 2.7 *FIN

This command terminates the program with a FORTRAN STOP.
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APPENDIX A

TABLES OF PERTINENT PARAMETERS

Table A-1. Source and detector energy boundaries for
prompt gamma rays, and detector energy
boundaries for secondary gamma rays (MeV).

X 0.02 - 0.05 10. 1.33 - 1.66
Pig 0.05 - 0.1 1. 1.66 - 2.0
3 0.1 -0.2 12, 2.4 - 2.5
4. 0.2 =103 13. 2.5 - 3.9
3. 0.3 - 0.4 14. 3.0 - 4.0
6. 0.4 - 0.6 15. 4.0 - 5.0
F I 0.6 - 0.8 16. D0 =6
8. U=8. =0 17. 6.5 - 8.0
9. 1.0 = 1.33 18. 8.0 - 10.9
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Table A-2. Source spectra for neutrons.

Weapon Fission  Thermonuclear
Source Values Source Values
Group Energy Boundaries (Fraction (Fraction
(MeV) in Group) in Group)

1 1.07(-7)- 2.9(-5) 0 0

2 2.9(5) - 1.01(-4) 0 2.00(-3)
3 1.01(-4)- 5.83(-4) 0 2.40(-2)
4 5.83(-4)- 3.35(-3) 0 1.22(=1)
5 3.35(-3)- 0.111 2.227(-1) 3.65(-1)
6 g. 111 = 0.55 1.693(-1) 1.02(-1)
7 9.55 - 1.11 2.159(-1) 8.50(-2)
8 1.11 - 1.83 1.468(-1) 6.20(~2)
9 183 = 2.35 1.060(-1) 2.80(~2)
10 2.35 - 2.46 5.743(-3) 5.00(-3)
il 2.46 - 3.01 2.871(-2) 1.90(~-2)
12 3.01 - 4.07 5.481(-2) 2.60(-2)
13 4.07 - 4.97 1.177(-2) 1.70(-2)
14 4.97 - 6.36 1.832(-2) 1.80(-2)
15 6.36 - 8.19 1.274(-2) 1.47(-2)
16 8.19 -10.0 7.342(-3) 1.41(-2)
X7 10.0 ~12.2 0.0 2.56(-2)
18 Wl -15.0 0.0 7.06(-2)
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Table A-4. Detector local time boundary values
for prompt gamma rays.

Group Time (sec) Group Time (sec)
: 0.000 14 1.000(-7)
2 1.000(-9) 15 1.468(-7)
3 1.468(-9) 16 2.154(-7)
4 2.154(-9) 17 3. R-7)
5 3.162(-9) 18 4.642(-7)
6 4.642(-9) 19 6.813(-7)
7 6.813(-9) 20 1.000(-6)
8 1.000(-8) 21 1.468(-6)
9 1.468(-8) 22 2.154(-6) i

10 2.154(-8) 23 3.162(-6)
11 3.162(-8) 24 4.642(-6)
12 4.642(-8) 25 6.813(-6)
13 6.813(-8) 26 1.000(-5)
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Table A-5. Detector absolute time boundary values
for secondary gamma rays.

Group Time (sec) Group Time (sec)
1 0.0 22 1.78(-4)
2 2.15(~-7) 23 2.05(-4)
3 4.64(-7) 24 2.37(-4)
4 1.00(-6) 25 2.74(-4)
X 1.78(-6) 26 3.16(-4)
6 3.16(-6) 27 4.22(-4)
7 5.62(-6) 28 5.62(-4)
8 1.00(-5) 29 7.50(-4)
9 1:33(=5) 30 1.00(-3)

10 1.78(-5) 31 1.58(-3)
11 2.370=5) 32 2.51(-3)
12 3.16(-5) 33 3.98(-3)
13 4.22(-5) 34 1.00(-2)
14 3., 62(=3) 35 1.78(-2)
15 6.49(-5) 36 3.16(-2)
16 7-50(-5) 37 5.62(-2)
17 8.65(~5) 38 0.10

18 1.00(-4) 0% 0.316

19 1.15(-4) 40 1.00

20 1.33(-4) 41 2.00

21 1.54(-4)

s ey gt o
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APPENDIX B

DENSITY SCALING OF THE TIME DEPENDENT BOLTZMANN
TRANSPORT EQUATION (BTE) FOR NEUTRAL PARTICLES

In this appendix we prove the general scaling law for the flux
that exists between systems having material densities which are
distinct but which are constant in space and time. Specifically,

let the flux in system 1, ¢1(Fl,tl,E,§), be known, and let it be

desired to calculate the flux in system 2, ®2(r2,t2,E,§). 16
the following relationships are true

Py = koy @9
F, = k'E, (2)
by = ey (3)
S, (T, t,,E,DdE,dt, = S;(F) .t EDdFdey, (4) ;
then we conclude ;
¢2(1_-2,t2,1-:,§) = k3¢l(E1,t1,E,§). (5)

To show this we write down the BTE for system 1

l 8¢l(rl,tl,E,Q)
\Y at

" Sl(rl,tl,E,Q)

Q-V1¢>l(r1,t1,E,Q)
= pl.ct(rl’E)'¢l(r1’t1'E'Q)
ol'fdQ JdE Ot(rl,E')‘G(E',Q sy )

¢, (F),t1,E",D) (6)

where the notation is conventional.




We now make the substitution indicated by Eqs. (1-4) into Eq. (6).
Note the following:

b 18
= < kT 7
at1 k Ity
= il
“1° &Y% (8)
Also Eq. 4 can be written as
o R | = o
Sl(rl’tl’E,Q) B ;ZSZ(rZ)thE;Q) (9)

Thus we have

L Ay B = R 1) ~ -
V(E)5E5¢l(rlyt1:E’Q ) ¥ Ezsz(rzth’E:Q)

1. - -
= (E)Q v2¢1(r19t1'EvQ)

b

= OZ.OC(rZ’E)'¢l(rl’tl'E’Q)

Dz'fdQ'de'ot(rl,E')

o

- G(E',d'.E,)9;,T),t;,E'\D  (10)
Now if we make the substitution
. (f,,ts,E,7) = k30, (T, ,t.,E,Q)
2 2’ 2’ ’ l 1) 19 ’

into Eq. (10), we get the BTE for system 2 and our conclusion
follows.
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APPENDIX C

The time dependent radiation environment is determined
by a convolution of the time dependence of the source and the
time dependence of the radiation transport reswults obtained
for a delta function source. That is

E t
d(t) = S(t) ¢ (t-1) dT = £{t) dt
0‘/. OJ[

where

S(t) is the time dependence of the source

¢ (t-1) is the time dependence of the transport of radiation

and

¢ (t) is the desired radiation environment.

The following figures represent some plausible examples of the
functions involved in the convolution. The functions S{t) and
¢(t) represent the source function and the transport function
respectively in the first two figures. The third and fourth
figures represent the pictorial view of the components of the
convolution. The third figure shows the transport function
$(-t) as rotated about the axis and the fourth figure shows
the same function shifted by the constant ts and superimposed
on the source function.




S(t) ¢ (t)
> t
o i
given t = to
£(1) = S(1) ¢ (e_-1) !
|
¢(to'T)
; L -=1<¢$(0)
| /, : |
| /7 1 |
f o) ("T) . i {
" e o - S0 1
o) '

T 0 . }

T s to

Although both S(t) and ¢(t) are treated as histograms
in the code, they can be thought of as continuous functions
by properly interpolating on the histogram values.

Typically, S(t) is a smooth continuous function such as
a Gaussian, and this analysis is based on that assumption. The
nature of ¢(t) is such that its time resolution, relative to
S(t) may be very coarse. Therefore, if we consider the range
of integration as being over S(t), for theoretical considerations
we can take ¢(t) to be slowly varying over the range of S(t) and
thus a method of integration considering functions which are no
more complicated than S(t) is adequate.

Experience has shown that for most smoothly varying, well-
behaved functions the method of gauss quadratures performs very
well. The 12-point Gaussian quadrature can be written as:

aj.b e iil wigf[a + c(1+xi)] + fla+ c(1-xi)]f (1)
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where
X, = interval weights, O<:xi< I
6
w. = amplitude weights, Y ow, =1
i : i
i=1
o B8
5

The essence of the problem is the representation of the
various functions involved. Normally, all three of the functions:
S(t), ¢ (), ®(t) have different time resolutions and therefore
the interpolation method may be important. In order to preserve
the maximum overall structure a three-point Lagrangian inter-
polation is generally adequate. In some cases, however, a two-
point (i.e. linear) interpolation may be adequate but for further
accuracy a higher order spline interpolation may be required. A
parabolic (three point) interpolation is an adequate compromise for
most of the problems being considered and is thus utilized in TDATR.

If we let t; represent the discrete time values and let
y; represent the corresponding function values of S(ti) or ¢(ti)
then the form of the three-point Lagrangian interpolation is
as follows: given points: (tl‘yl)’ (t2’y2)’ (t3,y3) and a

point t such that t) <t <ty and lt-tzl < min {|t-t

3|’
lt-tll} where |...| denotes the distance norm, then vy

corresponding to t 1is given by:

(t-tz)(t—t3) (t-tl)(t-t3) (t‘tl)(t‘tz)
oty m iy 5 - ey
1 (tl-tz)(tl t3) 2 (tz-tl) (t2 t? 3 (t3-t1)(t3-t2)

This scheme forms the parabola defined by the three given

points and evaluates the point y corresponding to the given t

from the parabola. Since the solution of the convolution integral
is an important part of TDATR, it is useful to consider the amount
of computer time consumed by this procedure.




The following components of the total time must be
taken into account:

Ty: time of interpolation
T2: time of functional evaluation

T3: time of integration

The interpolation time can be minimized by keeping track of the
interval and if it is the same as before then certain inter-
mediate variables can be saved and need not be computed every
time. There are some other overall efficiency considerations
which could be exercised but will not be discussed further.

If the floating point multiply of a computer is used as
a unit of operation, an add/subtract as a half unit and a
divide as four units then an estimate of the computation time
can be obtained in units of multiplication times. The follow-
ing estimates for the three times are obtained by simply

counting the number of operations in the above equation and in
Eq. (L):

P %? (add/subtract) + 9 (multiply) + 3%4 (divide)

28 units

which, in principle, has to be evaluated for every point.

T % (add/subtract) + 4 (multiply) + 4T

2 1

118 units

this gives the number of units necessary to evaluate the
quantity in Eq. (1) which is in brackets.
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3 7 (multiply) + 6T2

715 units.

There are other overhead operations which will increase the
time somewhat but, on the other hand, if there are functional
or parametric representations of S(t) and ¢ (t) then the
interpolation time can be greatly reduced.

For the Univac 1108 this analysis gives about 1.9 msec
per one point of ¢(t). If the interpolation is performed in
log space then an extra 20 units must be added to T1 for the
exponential function. This gives a total of 1195 units or
about 3.1 msec on the Univac 1108 computer. This would entail
that both S(t) and 4 (t) exist in log space as well and

that logs need not be taken at every step of the interpolation.
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APPENDIX D

TDATR SAMPLE PROBLEMS

The following seven sample problems constitute a repre-
sentative set of the capabilities of TDATR. The first three
examples are concerned with the secondary gamma rays due to
different neutron sources. The rest of the problems show

examples of prompt gamma rays due to sources of various con-
figuration.

s A e v i bt
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Sample Problem 1

This problem presents the results due to a neutron
fission source for secondary gamma rays. Two responses:
tissue dose and silicon dose are presented at a geometry con-
figuration of source and target heights at 1 km and a separ-
ation of 500 m. The output absolute times are entered in

units of seconds.
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TDATR SAMPLE PROBLEM 1 - INPUT

*TLTLE FTSSTON SOURCF SECONDARY GAMMA RAYS AT (KM

*N=SOURCE 1 0 0

AHS KM,

AHT , KM,

*RS 500

*RESP/NG/(2 S)

XATIME/NG/,SFCy ) Ueb=] 148=6 S,6"6 1.53=5 2.87=5% Be20=5 b,5=%
Beb5=5 1.15=/4 1 ,54=d 2=4 2,74=4 4,22=4 T,5=4 {,58=§ U=3 | ,8=2 S,h=?
el o516 1 1,999

*EXC
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TDATR SAMPLE PROBLEM 1 - QUTPUT

TDATR PROBLEM NUMBER 1 FISSION SOURCE SECONDARY GAMMA RAYS AT tkM
X kK X % R & kK A & & x kX kX kX KX X X R X t X k Kk &k x Kk & ¥ K k £k x Ak Rk X

NEUTKRON SHILIRCE
YIELD=E 1,000F+00 KT

MORMAL TZATTIONS 1 ,000E400 NEUTRONS/KT
TOTAL (ITPUT= 1,000 400 NEUTRANS

WETGHTS « FISSLION= (,000F+0y

A * kX X Kk * &
TRATR PROB| FMm

L T T T S

GROUND P EVEY
*HORI[ /., RANGE
SLANT RANGF

* &

MM RE e 1

LI

RH=
HS=

THERMONICLEAR=E 0,000E=01

14MEV= 0,000E~01

* x 2 A ok A X X A A K & & & ax * X X & * kx *x x A K X

F18S5Tn

X ® R A & AWM K KK R & KX
NghpKh, N,00NGLM/CMERD,
0JHnnkM, 5 eSBIGM/CMARD,
0 500KM, 85,5830M/CNxxD,

SOHRCE

TR T B S
N NONXFT,
1 ,6U0KFT,
1 AU0KFT,

SFCONDARY GAMMA RAYS AT kM

LI S O B
N 000MILES

0 31IMILES
N, 3V IMILES
N.621MILES

TARKGET ALT, HI=z

SH=CFE Ay T, HSs=

*SLANT ANGILE  AN=
ACALCULATED FRUM

1,000kM,
1 0DD0KM,
N,00NDEGREFS (CNS= 1,00000)

116, /741GH/CHax)p,
tib, Jaytim/Curxp,

NTHER COUNRDTINATES

§,PRIKET,
3,2R1KFT,

A A 4 & R A & ® & t & k & x
SECHONDARY GAumA  TTSSUE
ARSOLTE | NCAL
TIMF TTME
$ §.700p=06 2.N32r=06
4 9,450k =06 T.TR2F=06
S 1 « AR50k =05 16tk =ng
b 3.295F=0Y 3e128F =08
7 S.360F=0" Se193k=a5
a 7.575t =05 7,008 =S
9 1.N07F=04 A Q0K =(ig
10 1.345F =04 1828 =04
11 Vel l0F=n4 1.755F=0na
12 2. 370F=01 P8 sb=0y
1% $,UB8pF=nd S,ub3k=0u
14 S.860F=q1 S.Rudk=au
15 1165E=0n3% 1e1h4b=03
16 2.7%E=03% DeIBRE=n g
17 1.100F=02 tetink=0r
18 3.700F =02 3.7n0F=02
19 T.Rp0k=n2 7.R00k=02
20 2.0R0k=01 2.080F =01y
21 6.580E=01 h.SRak=01
2? 1«50nkE*00 1499 %00
® R K & & x A %

0,621MTLES

X & X B & & & & X * A A X & X ® & kX X * %

NSk

UNCOLLTOED
0.000E=01
n«000E=01
nennnk=p1
0en0nE=01
nes000nF=n1
ne.000t=01
0.000F=01
0000k=01
nennnb=n1
N,000E~0y
Ne0OOE=01
de0nnE=04
nen0nF=01
nenpnk=n1
0e00Nk=01
nenONE=01Y
nen0nk=01
Ne000E=01
0.000F=01
Dennnk=01

(RAD/SEL)

SCATTERED
1.6Bn0g=17
1.58ub=y7
be0y1F=18
Re3pab =19
9.291E=00
d4.98 k=00
6.3/0F=50
A 080E=20
608 =00
6.06RE=10
S.743k=p0
Q2278 =00
Nebl6k=pp
d.n/Rt=pp
3.07RE=pq
1eb59OF =00
ﬁob}ﬂ"-al
1.370F=21
SN2k =03
{«62RE=)p2

TaTAL

1.680p=17
LeS3aL=17
6b.011E=18
Ae320k=19
9.991E=00n
U 9R{F=pa
6.370F=20
6,050F=20
6.NRAE =20
A, 06RL=00
S.la8k=20n
Se22Tb=p0
Neb16F=20
4.018k=pqn
$.078L=2n
1.659E=20
h.630F=21
1.370k=21
S.023E=23
I-h?ﬂf’éa

CUMULATIVE
6. 3RAE=23
1.Beab=22
2.445F=00
25999k =0
P2eb22F=22
2.6382b=22
2.650k=0p
2ebTaL=p?
2- IOP.E-I‘)
Peltalb =22
2.832b =02
t.008F=22
34891 1b=p)
4.378bL=2p
B,ABRE=20
1499t =2
1.791L=21
2.087b =21
2.121E=21
2.284k=2y

AR R K AR R R AR R kR R K xR R K KRR R R
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TDATR SAMPLE PROBLEM 1 - OUTPUT (Cont'd)

SECONDARY GAMMA

ABSOLIVE
1 IME
3.700F~06
9.450E=~06
1.R50F=0%
30295?°05
5.360F =05
7.575F=0%
1.007t=04
1.345€=04d
1 .7’0""0“
2+370F =04
S.480k=04
S.RbgF=pnd
1.1685F=93
2.79E=p3
‘-IOOF‘OE
$e700F=n2
Te8pnF=ne
?.0BnF=py
6,580F =01
1.500E+00

* ok 2 k& Kk &

| OCAL
T UM

2eN32F=06
T.782E=06
1.683F=0S
30‘28':-05
S.1935E=0%
7T.008F=05
9,908t =08
1.32%E=04
1.75%F =04
2e353b=04
3.06%F =04
50““ ik -0d
1.168E=03
2« 1BRE=( 3
tei00F =02
3700E=002
I.8aat =02
PsnBpbF =0t
heH Rt =ny
1 .d499L 400

* Kk &k % R

FXECHTINON COMPLFTED

SILICON DOSE

(RAD/SEC)
UNcaLLInED SCATTERED
0,000e~01 2.205F=17
N.000F=01 1.987t=17
n.000k=01 T.6R7t=18
0,000E~0} 1eNUbE=18
0.000E=01 1.223F=19
0«00nF=01 S5.943kE=20
Ne000k=~01 7.411E=20
0e0nnk=n1 6.307TE=20
0«000k=01 he3UE=00
0«000t=~01 be§29E=20
0ep00b=01 S5e994k=20
Oe0nnk =0t S.u857k=p9
0en00nF=01 4,885k=20
Nenpaf=ot Ne263E=20
0Oenpob=01 3.222E=20
Oennok=0t e« 748F=20
0000t =01 he 95uE=21
nsopnb=ny 1. 039L=2y
Nyannb =0t Se2/8F=03%

*

Ns000k~01

R K & ® X

*

1e712E=22

* kK ox kX R %

TOTAL

2.205¢=17
1.9R7L =17
71687['18
1.225E=19
Se9U3E=n)
T.411E=29
6.307E=20
o 349E=2¢
6329 =29
5.993E~20
S.4857E=p)
4 .885E=,q
Uea263E=2
3.2228=00
1.738E=2¢
6.95dF =2y
1139E=2
SePT3E=p3
1e712F=2)

A R X * %

CUMULATIVE
8,380p=23
?2e368E=22
3.!68E'22
3e361E=22
3.389E=22
T.402b=22
3U047E=22
3477t =22
3.580t-22
3eb12b=22
3,79 k=22
4,197€=22
Se2028b=22
9,739t =22
1ebiub =21
1«94nt=21
2.251F=21
2. 28 7F =01
Z.UHRLOQl

A xR
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Sample Problem 2

This problem is the same as the first one except that
it presents the results from a thermonuclear neutron source.
Since only the source and title changed from Problem 1, those
are the only input specifications necessary.
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] TDATR SAMPLE PROBLEM 2 - INPUT

ATLTLE THERMONUC|EAR SWWKRCE SFCONDARY GAMMA RAYS AT 1kM
*N«SOURCF 0 1 0
*EXC

RS Nt e

e

S ———




~

ek

-

pars AT

* X X A x & *
NFUTRON SNOURCF
YIELD=
WwETHLHTS

* h * k& & A kX

IDATR PEOR Fry

e——

B‘{.S"[J“ hubd ek

TDATR PROBLEM NUMBER 2
Ao %

1,000F400
« FISSINN=
A 2 k2 A * X R A

MIMBER 2

TDATR SAMPLE PROBLEM 2

OUTPUT

A X Kk * X X R K Ak &
NORMAL TZATTONS
KT ToraL
N,000E=01

* k& k& X %

1,000£400
ayYTPUTI=
THERMONICL FAR=

THERMONUCLEAR SOURCE SECONDARY GAMMA RAYS A)

1KM

D I T I SRS ST SN SN N I

1,000F+00

x *

78

NEUTRONS /KT
MEUTRONS
1.000E+00

| 4ME V=

THERMONIC FAR SOURCE SECONDARY GAMMA RAYS AT

0.000E=01

LR S TN S N N R O

IhM

x & A * %X % &

X x *

CUMULATIVE
b 82/k=22
1609k =2
2:035k=21
2.116E=21
2.123E=21
2.1258=21
2e126F=0
2129k =01
2e131E=21
2e13hb=0y
EI T LEPE]
2.160k=21
2+198k=21
2.294k =0y
Pel13b =21
3,819 =21
3.597t =2y
3.R79E=2
39128 =2y
a,061E=21

& K A A & & A M x kK & kK & 2 X K Kk k t & A A Kk Kk X x A
GROVND | EVEI O uNORM, 0,0000GH/CMa%2, 0 ,000KFT, 0,000MILES
*HORTZ, RANGE RHz  0,500kM,  SS5,58386M/Curep, 1,640kFT, 0.311IMILES
SLANT KANGE RSz 0 ,500KM, 5 SHEGM/CMr42, | pgO0KFT, 0, 31IMILES
TARGE T ALT, HT= { 000KM, 1A, TUOIGM/CMRRD, 3.281KFT,  0462IMILES
SAURCE AP T, HSz 1,000KkM, 116, 7016M/Cnan2, 8.2RIKFT, 0.,621MILES
ASLANT aNGLE ANz 0, 000EGREES (COS= 1,00000)
ACALCULATFD FROM NTHER CONRDINATES
X X X A X x K K 4 * A kK Kk x k kX A Kk k& k X Kk 2 A X X x rx Kk x * a
SECHNDARY GAmMA  TISSUF DOSE (RAD/SEC)
ARSOLtF L hcaL
3 TIMF (8 12 UNCOLL TRED SCATTERED TNTAL
3 3.700F =06 2ens2F=0h 0.000F=01 {7976 =16 1.797E=16
4 VenSnk=pb T.1R2t=pb 0s:000F=01 fe203k=16 1,208 =16
S 1. A5k =nh I.kﬁnf-nﬁ Nennnb =ny NenQnFeyql Hen9nk=q7
b Y 295F =S Fef2BE=gS ne000b=01 4, 4§/RE=18 Be3TRE=R
7 S.360F =05 5.174k=0Y% n.000k=01 31 3TE~19 3. 137E=19
A 7.575E=0% 7,4018F=0% 0.000F=~01 had93k =20 6.495t=20
9 1.007F=9q4 9,9nKF =g8 M 000E=01 6,149k =20 he149E =20
10 1.84SFE=04 1e828=0u Da000F=01 SehB1E=20 S.6R1C=20
11 V.2/0F=04d 1793k =04 N.000k=01 S.717E=00 S.711F=20
12 2.4%/nk=n4 2e353b=qu nen0nfF=o01 SeT18F=20 S« 71 1{5t=20
13 SARpE=0d 3.absk=gu nenoot=a1 SsaSak=p20  S.d50k=20
14 S.860F=01 S.813k=pna 0.N00E=01 Sen23b=pn S.028k=20
15 1165 =n} eyt 3E=n3 n.00nk =01 1,539F=pq 4,53% =2
16 P 1P0E=03% 2elbnF=q 4 nenpoF=n1 3.95RE~20 5,958 =00
57 1.100F=~2 1.100F=02  0.000F=01 2.09RF =00  p,99REL=pq
1R $.700F=07 3700k =np NeN00kE=01 1 .S93%F =20 1.598 =20
19 7.R00k=072 TeBoak=g2 nennnE=01 LI PRI P 6,328 =2
20 2.olnk=01 PenBat=ny Nn.000F=01 1. 30RE=21 1.308L=24
21 5.5K80F =01 b.580E=01 nea0nk=01 g4k =23% G laak=23
22 1500k +00 1497 4q0 0e000E=01 1.9528E=0p2 1528F=20
I T T T S T S T S T S S R O TN T S TN TN U U S SN U T T ST R S S S

Ay S —

T NTHA T SR AR RN AT




TDATR SAMPLE PROBLEM 2 - OUTPUT (Cont'd)

SECONDARY GAMMA

ARSOLITE
TIME

3 3.700F=06
4 9,450E=06
S 1850t =S
6 3.295F=%
7 5.360E=05
8 7.575E=05
9 1.007E=04d
10 1.34SE=q4
11 1.770F=0n4
12 2 370E=04
13 1,480F=04
14 S.Rbpt=nn
15 1.165F=03%
16 2,190k =%
17 1.100F=0)
18 3.700E=02
19 /. Rank=0?
20 2.NBRAE =0
21 h.SRaE =0y
22 1.500t +00

® kX R & &k & & &

*

LOCAL
T TMF

2.032F=0b
1.762k=06
1.643L =nS
3.128E=05
5,193E<05
T.u408E=05
9.908E=0S
1.328€E=0u
1.758F =04
Pe353E=04
.U4658t=0d
SeRdit=0n
1e168E=03
P TRRE =03
1.100E=-02
.70t =02
7.8n02¢8 =02
2.nAR0DE=NY
h.H580ke=nt
1.499% +00

LI I B O

s EXECUHTION COMPLEY TFD

SILICON DOSE

(RAD/SEC)
UNCOLLIDED SCATTERED
0.000F=01 1.,8P0p=16
0,000F=01 1.256F=16
n.000%5=01 4.327F=17
0.000t=01  4.632E=8
0.000F=01 3.286F=19
ne000F=01 6e.lo0k=20
0.000F=0¢ ho232b=20
0.000F=01 5.967F=5)
0.000tE=01 h.006k=20
0,000E=01 6.006E=20
0.,000E=01 S./51E=20
Nen0nt=01 S.285k=2g
0,900k=01 4,R0OE=00
D.000F=04% 4,173k =20
0,000F=0} 1.1685F=20

A

n,000E=01
Ne.N00F=0}
n.N00F=01
NenNNOk =01
n.0onnok=01

L S B T

19

1.6RAE=20
6.692b=0
1.88AF=21
S.085E=23%
{eb28E=22

T0TAL

1.824F=16
1.256L=16
d,327E=417
4.632E=18
3.,286F=19
6.700t=20
6.232E=20
S.27k=20a
6.006EL=20
6,006FE=20
S5,731E=20
Y.285t =20
4, TROE=20
%, 11 3E=20
3.16S5E=20
1.684E=20
ho b2k =0y
1.386F=21
5.035E=23
t.b23l=22

CUMULATIVE
6.930E=22
1.660E=21
2+.110k=21
2+196E=21
2.203k=21
2.205F=21
2.204E=21
2.209t=21
2«21 1E=21
2.216E=21
2e.22ub=21
2.2u2k=21
2.281E=21
2. 382t =21
2+825k=21
§,a66t=21
3.,760F=21
N,059k=21
Ne9ub=21
4,2h6t=21

& R & X K X kX & R £ K & X




Sample Problem 3

This problem is the same as the first one except that
it presents results from a 12.2-15 MeV neutron source, thus
only the source and title specifications are necessary.
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TDATR SAMPLE PROBLEM 3 - INPUT

*TLTLE 14=MEV SECONDARY GAMMA RAYS AT (KM
AN=SOURCE 0 0 1

*EXC

81




.A.,_w_,
1}

*

:;,;-eu.

T

BESI_A:

TDATR SAMPLE PROBLEM 3 - OUTPUT

TDATR PROBLEM NUMBER 3 14=MEV SFECONDARY GAMMA RAYS AT (KM
X Kk kK X & k k X X x x A k k kX A X kX Xk X A & X R X kK & A KA K KA k Kk *x %X
NEUTRON SOURCE NORMALTZATTIONS 1,000F6400 NEUTRONS/KT

YIFID= 1,000F400 KT TOTAL DUTPUT= 1,000F+00 NEIITRANS

wEIGHTS ~ FISSTON= 0,000F=01 THERMONUCLFAR= 0,000F=n1 (4MEV= 1,000E+00
X k& & X X R X Kk & x £ * £ X A * A K& kX A X kA k X X R £ & £ ¢ X X R K X

TDATHW PRNOBLFM HUMBER 3 Ld=MEV SECONDARY GAMMA RAYS AT 1KM

£ X B kX % & & ¥ ¥ X k E X X & X ® kX X A X kX & kX X X & % A & & & ®* X =X

SRR L i bR A et o ki Al U 2l dan S s i Rl e Lo a2 S i i S e A R L L e L h

GROUND LFVFL 0L,000KM, 0.,000GM/CMxxD, 0, 000RFT, o,000MILES
AHNRTZ, RANGE RHz  0,500KM, §§ HHIGM/CMvap, T<OUNKET, 0.SUIRILES
SLANT RANGF RSz 0 _500kM, S5 Sg3IGM/CMxRD, 1,640KFT, 0o, 3UIMILES
TARGET ALT, HIiz 1 ,000KM, (16,741GM/CHRxD, T . 2R1KFF, 0,621MILES
SORCE &) T, HSz 1 ,000kM, 116,74106M/CMR%)D, 3.281hFT, 0,621MILES
*#SLANT AMELE ANS= 0,000DFGREES (C)S= 1,00000)

ACALCULATED FROM OTHER CONRDIMNATES

X kXK R KKk K ¥ X K X K A& K K R K X K B E K &£ K X % & & X A KX KX R

SECONDARY GAmmA TISSUF DSk (RAD/SEC)
ARSOLIITE 1 0CAL 3
TIME FIMe HUHCOLLIDED SCATIERED 107TAL CUMULATIVE

3 50700E=06 2.032F=ub 0.000F=01 1.683E=15 1.683%~15 6.395g=~21
4 T.450E=06 7.782E=06 ns.000F=01 R, /90t=16 R,79%ktk=16 l«316E=20
5 1 «850F=0b 1 b8 3F =S nenonb=01 2e3inbE=y6 2.504E=16 1.560k=20
6 3.29%F =05 s.128F=0% nenonf=ny DRI =7 2B 3E=47 teb12b=20
7 Se36nF =05 Se198k=0% nenonk=qy 2elhak =18 2ethub =48 teb17k=2q
B 71.575E=0% ToupBE=(% ne000kF=01 ot TFE=19 {«f 1949 ts6l Tt =20

9 1.00/F=04 U, F3BE=0S NeN000F=01 2.5350F=20 2e350k=20 1.618L=20
10 1.545F=04 1.328E=n4 n.000k=01 1923E=20 1.923F =20 1.618E=20
11 1.7/0F=04 1e7538FE=04d Nne000b=01 1.297E=0q | JHOT7F=0q 1eht18F=20
12 2e3lat =g ?.393E=qu 0.a00F =0y 1 A6t =pq {JHA =20 1.618E=2¢
13 3 URaE~nn 3.4b3E=04 ne000E=01 1« 718t=pq 1el18 =20 1.618E=20

14 S.860F =04 S.R3k =0y 0,000F=01y 1e515E=20 1e515F=00 1eh1 9t =20
15 1.1h5F=0% t«165E=03 N.000F=01 1.302b=020 {e502L=20 1.hent=20
1k 2e190F =03 2o lBBE=(T ne.000E=01 1e101F=20 1.101E=20 1e622F=20

1/ §.100F =07 1.100E=0) O 000k =0y AL, 1508 =p9 R, 1SREF =y Y .630L =20
18 3, 70n0F=n2 §.700F=q¢2 NenN0Nt =01 B.861F=2 a4,861kE=2 1.650F=20
19 TeR00F=n2 TRt =0p nennob=ny 1elURF=2y 1o 7uBRb=21q 1ehh8E=29

20 2+0RnF=01 2.nBot=ny Nennnt =0y 3.631FE=pp S.b31E=p0 1ebbbE=20
21 A SRAF =01 AJHhnE=ny 0e000k=01 1+335€=23 16 839E=23 1ebblE=20
2° 1.500% %00 1099 +q0 0ev0nE=01 N3k =n3 4 ta3tk=p3 teb/tk=20

59 % BB R ENEEYERERNEHFREREEREREREREAERRANERERY N YN




TDATR SAMPLE PROBLEM 3 - OUTPUT (Cont'd)

SECONDARY GAmMmA

ARSDOLUTE
T IMF
3.,700F=06
9.450E=~00
1.850€=05
3.295E=05
Se360F=05
7.5158 =08
1.N07F=04d
1.8a5k =gy
1.770F=04
P.iTnE =~
3.480F=~04
14 SJRENE =04
15 1,165F =03
16 2el9F=p3}
17 t.100F=02
18 3. 700F~n,

NN D DTN EW

- - -

19 lT.800F=pnp
2N ?.0Bnk=ny
21 6.S580k=01

22 1500400

g % A N N R W

.

LLOCAL
TIME

2.0382F=06
1.782t=q6
1.6H3E=0S
3.1208E=05
Se193E=05
7.008E =08
9.90RL=0S
ta3oHE=0n
1.754t =04
2.35%L=~0a
L.a64F=gu
S.Ruik=0y4
t o FHSE=DT
2 FvEE=q"
[ NLE TP
s f000F =02
T.300F=0p
2enRat =qny
heHapt=01
1« 499F 400

R R NN

#x EXFECUTTION COMPLFIED

SILTCON DOSE

UNCOLL TPED

*

0.000k=01
0e000E=01
0e«000E=01
0.000k=01
0.000E=01
0,000F=01
0.000E=01
0e000E=01
0,000F=04
0.000E=01
NeNHOE=01
0.000F=04
N.000F=01
Nenonk=01
Ne0NNE =51
Nenpnb=a1
nen0ok=01
NenONE=nY
Nen0NE=01
D.000F=01

§ /. X K &

*

(RAD/SEC)

SCATTERED
1.721F=15
9.306t=16
2.540k=16
3.075E=¢7
2.3540t=18
{93 3= 9
2¢52=20
2.036E=2p
2.,008F =00
1.970F=20
1.818F=20
1.602E=20
1.87hFE=20
1e1638t=20
R AnRE=D
NeS9IE=01
1RUPE=DY
5"‘/’)"'1‘8
100t =23%
Hebbht =03

£ R R B

*

TOTAL

1.721E=15
9.326k=16
2.540E=16
3.075E=17
2354t =18
1.933F=19
2¢329E520
2.0386E=2p
2.008F=00
1.970E=20
teR1RE=2q
1e602E=20
1.376E=29
1.163F=0p
R.608E=04
8529 IF =3
tRapk=2y
§.822b=0)
f.anut o |
UghhAb =03

# & A K& &

CUMULATIVE
6,539L=21
1.372k=20
feb636E=20
1.693E=29
1.699F=20
1.699F =20
1.699E=20
1599 =20
1.699F =20
1,699t =20
f700F=20
1.700E=29
1.701L=20
tl0nE=20
1.716k=20
1788k =20
te7u2k=20
1. ISat =20
§ THiL=2¢
!e I96E=20

% & %




e ST

Sample Problem 4

This example presents results due to an 8-10 MeV prompt
gamma ray delta function source. The requested responses are
the concrete and air dose at 1 km co-altitude with a source-
target separation of 800 m. The output local time mesh is
given in seconds, and it will be used for all subsequent
problems.
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TDATR SAMPLE PROBLEM 4 - INPUT

*TITLE B=10 MFV SNURCE PROMPY GAMMA RAYS

*HS , KM, §

*HT , KM, 1

%#RS 800

*G=SOURCF (1)

*G=SVAL 1/x0 1

ALTIME/G/oSEC,0 129 2,154=9 4,64=9 1=8 2, 15=4 AebUd=8 1=7 2,15=
16 2.15=6 4,6U=6 (=Y

*RESP/G/ (3 u4)

*EXC

85

7 4,64=7
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TDATR SAMPLE PROBLEM 4 - OUTPUT

TDATR PRNOBLFM NUMBER 1 8«10 Mty SOURCE PROMPT GAMMA RAYS
Ak K kK ok Ak A & Kk kK kK ok X Ak K Kk K A X x & A * A * K Kk Kk & X *x K X
GAMMA SNOURCF NORMAL TZATTONS 1.000E400 GAMMAS /KT

YIELD= 1,000F+00 KT TOTAL NUTPUYT= { ,000F+00 GAMMAS

TIME(SFC) 7/ ENFRGY 1 ENERGY 2 EMERGY & EnNpRGY 4 ENFRGY S ENERGY 6

0,0000F=01 N00NE=0F D,000L=01 0 000E=01 0,000F=01 0s000E=01 0,000EL=01

LR S Y O R U T D D D D D S R O SN T S TR SN R RS ST SN SN SN NN S SN N S 3

TIME(SFCY /7 FNFRGY 1 FNLERLY A FNFRGY 9 FNFRGY 10 FNERGY 11 FNERGY 12

N,0000F=01 N,000p=01 D ,600F=01 O ,000F8=01 0,000F=01 0,000Fr=01 0,000F=01

LR I A S I D S I D I N L T T I T D R TN ST ST N S SN SN SN SN N S

TIME(SEC) /7 FENERGY 13 ENERGY 10 ENERGY 1S ENERGY 16 ENERGY 17 ENERGY 18

0,000NF=n] NN00F=01 0,000F =01 0,000p=01 D,000p=01 AN00F=01 1 ,000L+00
AN AR R R RN RERERERERREAER KR REEREERERANRERENEDER
TDATR DROKFsm NHMBRFR 1 Ra N WbV SOHECEH PRI PT GrymA RAYS

BN REREE REREY R SRR R RSN REE RN RERESRERE R R AR

GROOGND P EVEL g DDORM, D 00NGLM/CManp, n,000%EL, N,ONOMILES
MRl /s, RANGE RMsz DeBNOK M, RR V3 06Gm/0hwee)p, Peb25xF T, 0.d97uI kS
SLaNT RANGE RSz 0 _n00KH, RRAR, Q820G /CHan?, QL AOHKFT, 0,49741LES

TARGET ALY, HT= (,000KY, 116, 741GH/CHee), FPRIRET,  Qa,A21MILES
SOUKLE Ap T, MSz  1.000kMy 116.7010M/04%e2,  J,281kFT, 0,A21MILES
«SLANT ANGIE A= N,O00DEGREFS (C1S= 1 ,00000)

ACALCULATED FROM OTHER CONRDINATES

® R B K & K ® 8 & K% S X2 AE LSRN ERRESAERERSESESERERNS

——

B:S; /‘i mm; E CO {
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TDATR SAMPLE PROBLEM 4 - OQUTPUT (Cont'd)

PROMPT GAMMA

ABSOLYTF
1 IME
2.6b69FE=0n6
2.67T0F=0nb
2.6lpE=0h
PeblbE=n6
2.6R4b =06
2+702E=06
2.14P2F=06
2.R26E=06
3.401FE=06
4,244F=q6
6,060E=gb
9.,98% =06

LOCAL
TIME
5.000¢=10
1.5/ /E=09
3.,.3976=09
7.320F=09
1+575F=0R
3395k =08
7,320Fk=08
l'Q75k-07
3,395k =7
7.320F=07
1.5756=06
3,399k =6
7.820t=06

CONCRETE DOSE

UMCOLLIDFED

Se187F=12
00000[’"0‘
0,000E=04
0.000E=01
0en00E=01
0«000E=01y
0.0nn('."0|
N« 000E=0n1
0.000€E=01
0«000E=01
0.000E=01
0.000F=01
0«000E=01

(RAD/SEC)

SCATTERED
N0e000E=01
3.22‘“'15
2306k~ %
1e3dtF=13
bab2UE=11
20“56*-‘1“
1ol 31E=14
4e322E=45
1699t =15
8.530E=16
4,B57F=16
1.B76F=16
1.526E=17

X A A & X K & & kK K X A& Kk 2 K K A & Ak A A R K

PROMPT GAMMA

ARSOLYTE
11t
2.66% =6
2.0T0F =08
2ebl2b=0nb
2enlbt =g
CebRUF=0h
2elnIk =06
2eT4pt =08
2R =00
S.008F=nhR
Sed0ft =an
Be P2tk =k
b.nbhib=nb
9,739 =06

L T T * &

*

LUOCAL
TTME
SeN00F=10
1. 577F=09
§, 39 /F =09
T« 320F 09
1S /8F=0H
$e 399k =8
Fo320E =08
1ob/78F=n7
3,495 =07
7e820b =7
e /HE=06
3,395 =0b
T.820E=068

LR ¥ W %

FXPCUTION COMPLETED

ATR DOSE

(RAN/SEC)

UNCOLLIDED

*

4,502 =12
0.0008=01
0.000F=01
D,000F=0y
0.000F=01
0000t =0}
0,000F=0y
0.000F=01
ne00F =01
00Nt ~ny
n.000k=01
NeNONF=0y
N«000bL=01

* kX A 2 &

87

SCATTERED
ND.000F=01
2.821E=13
2.085F=13
{1«205E=13
A ORub =14
2eh98E=q 4
1.089F=q4
Ne1usk =19
1e500F=15
Se§¥3L~16
t Jhohk -16
Nyp6npb=y 7
Q. hilE= R

LI B T R

TNTAL

Se137F=12
§229% =13
2.306E=13
1.341E=13
hobuE=14
2.856E=14
1.131L=14
4,322E=15
1.699E=15
8,530E~=16
4,857E=16
1.B76E=16
1.526E=17

* X R & &

TOTAL

4,302F=1p
)"‘2‘!“‘
D2.038Sk=1 3
1.205=3 3
L ,O0RAE =14
2696k =14
1089 =14
NetdSE=15
1.900F=18
Se193F=16
{.hbbb=16
NePbob=q7
P2ebllE=y8R

LR R S I

CUMLIL ATIVE
S.137e=21
5.509E=21
6., 083E=21
6,801F=21
7.564E=2
B.27uF=2y
8,880k=21
9.377E=2
9.8g0k=21
1.026E=20
1.082E=20
1.128E=29
1.1356E=20

LA N 4

CUMULATIVE
4,342¢=21
dentTt=21
Set73F=21
G .A19k=21
6,519k =21
Te190t=21
To774aF =2
R . 251t=21
"oht"'lt'(!|
Ren gt =20
Q.h”ql-)l
9.200k =21
°.:'|'1"‘£\

LI S




Sample Problem 5

This example is similar to sample problem 4 with the
only difference being that the source gamma is in the 1-1.33
MeV source bin, and only the source and title specifications
are needed.




TDATR SAMPLE PROBLEM 5 - INPUT

ATITLE 1=1,33 MEY SOURCF PRNOMPT GAMMA RAYS
*G=SVAL 8% 1 9ag
*F XC




TDATR SAMPLE PROBLEM 5 - OUTPUT

TPATR PROBLFM NUMBER 2 1=-1,33 MEV SOURCE PROMPT GAMMA RAYS
X ok k& ok k kK x ok R Kk kK X kX A X R A A x K A Rk X R k k kK X X X X KX A
GAMMA SOURCE NORMAL LZATTONS 1,000F+00 GAMMAS/KT

YLIELD= 1,000F+00 KT TOTAL OUrPyt=s 1 ,000E400 GAMMAS

TIME(SEC) 7/ ENERGY 1 ENERGY 2 ENERGY 3 ENERGY 4 ENFRGY & ENFRGY 6

0,0000FE=01 Ne00NE=01 0,000L=01 0.,000E=01 0.000E=01 A.000E=01 0,000F=01

X k& X & & & Kk A * A X * * &k X X X Kk & 4 & Ak & A *X 2 R A X K *Xx * £ %

TIME(COFC) /7 FHERGY I ENERGY A ENERGY 9 ENFRGY 10 ENERGY 1{ ENERGY 12

0,0000FE=01 0,000F=01 0,000L=01 1,000FE400 0,000F=01 0,000E=01 0,000£=0])

X Kk kK kX & x &k K x & k & A Kk X X A A X &k kX x Kk A A KX x k Ak A A kX X % X

TI4E (SEC) /  ENERGY 13 ENERGY 14 ENERGY 1S5 ENERGY 16 ENERGY 17 ENERGY (8

0.N000E=01  2,000F=01 0,000F=01 0,000F=01 0,000F=01 0.000F=01 N,000E=01}
L T B U DR R T O ST I S SN S TR T SN T T TR NN S TR TN T SN SN N SN S S N S 1
TDATR PROBLEM NUMRER l 1=1.33 MEV SNURCE PROMPT GAMMA RAYS

A & X & & K £ B & € X X K £ X K AR R & & & & * & & £ % ¥ & ® . *® &% %
GRUMND LEVFL 0,000KN, 0,000L*/CMxx2, A, 000KkFT, 0,000MILES
*HORT /7, RANCE Rz ) EN0KMy  RR,IIDGM/CHeeD, D 625FT, 0,497MILES
SLANT KANGE  KS=z  0 A00KM,  aR _982GM/CMexl, 2, 425KFT, 0,09741LES
TARGET ALT, HT.  (,000KM, 116,741GM/CHaxd, J DRIKFT, 0.,621MILES
SOUCE Ap T, Hsz  1,000kNMe 116 T41GH/CMARD,  §.28IkFT, 0.621MILES
«S1ANT ANGLF  AM= N,O000DFEGREFS (COS= 1,00000)
ACALC'ILATED FROM OTHER CONRDINATES

TN T T T T R TR B R B N D 2 R I T T T T S B T T

LR T S B B

el

,U-J‘ l\_!q_;uu n_u..:-....
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TDATR SAMPLE PROBLEM 5 - OUTPUT (Cont'd)

ROMPT GAMMA  CONCKRETE DOSE
ARGNLUTF LOCAL
T IME 1M UNCOLLINED
P.609r=06 S.N00F=10 3.308F=14
2.610E=06 1.57/t=09 0.,000F=01
2.670F=06 343%7E=(9 0«000E=01
2.676F=(6 7.320E=09 nenpnE=ny
2.684k =06 1«575F=0R 0,000E=0y
2.702F =06 3,395E=08 0,000E=01
2.742E=0b  1,320E=08  0.000E=0)
2.826F=06 1575k=qn7 0«000E=01
3.008F=06 3.395¢k=q7 0.000E=01
3,401F=06 7.520F=07 0«000E=01
4,2u40E=06 1.575E=06 0.000E=01
6.06Uut=0b 3. 395F=06 0e000OF=01
QOQHQF-(Jb 71520}-06 0.000?"01

X x X k&

& * & * & X

(RAD/SEC)

SCATTFRED
0.000g=01
1.214E=15
2+120E=15
1e66KE=15
1.278E=15
TeV12F=16
6.023k=16
3.238E=16
2.282E=16
2.079E=16
1.54R8FE=16
S.051F=17
Se111E=18

P S S R R A R L S

ROMPT GAMMA  ALR DASE (RAD/SEC)
ABSOL|ITH LOCAL
TIME 17 HMCOLL THED SCATTERED

2 bbOF=06b SeO0UOF=10 L.808F=14 N.000p=01
.10k =06b 1.577t=n9 0eN0nk=01 1.212E=15
2enlob=)6 $a 80/ =@ ne0pnk=01 Pel1TE=1Y
2.nThE=nb 7Ted20b=09 nen 0k =01 1eb61E=y5
2 hBAF =k LeS/5E =08 De0naE=01 T Hath e
2. 702t =08k $. 395t =08 PenONF =01 T.073%E=16
2elaPE=0h fe32ab =0h neonnt=01 5,870 =16k

2.R26E =06
3.008F=nk
3.401F=nb
U 2unk=0h
b.NbIAF =06
9,0RF =06

LR T
EXFCUTION COMPLETELD

1.5 71%E=0?
3639%F=0?
Te320E=07
1eS5/5E=06
1,395k =06
tie 5,’.;"-06

e GRN MR SRR DR

DeDONE=01
os0n0t =01
Ne.000F*=01
0,000F=01
NDe000E=01
nen0nbt=01

X H R xR E

91

1.020E=106
1«/55L=16
1+047F=16
U 0UubbE=y 1/
1eN0RF=y7
A.261F=19

» R e W

TOTAL

’5.508['10
1.214E=15
2e120E=15
1.666E=15
1.278F=15
Tel172E=16
6,023E=164
3.238E=-16
2-?“2%.]6
2.079% =16
1.,548t=16
Sei0 B E=y T
Se1g11k=48

* & K X x %

TOT AL

1,.3nRp =14
1.212E=15
2ol 7b=y8
1ebb1t =4S
te271E =15
T.073E=16
S5.870F=16
300?’1?'[5
1e04/F=16
a,006k=17
1.00AL=17
R.261E=19

 * kR * *

CUMULATIVE

3.3508p=23
3.448E=23
3.975E=23
4,868E=23%
6.338E=23
8,124E=23
|olssf-'?2
1.508E=22
?-0’6?"22
3,190t =22
4,970E=22
6.223H=22
6.09TL=22

2 ok R

CUMULATIVE
3,808 =23
J.A4URE=28
3.974F=03%
4eRHSE=2%
he $26E=23
R, 08AF=23
1.123k=22
1.d7b=22
1.208E=22
2.160b=20
2+929E =22
3.180E=22
J.220k=02

x4 ox

e e ——
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Sample Problem 6

This problem is also similar to sample problem 4 with
the exception that the prompt gamma ray source is a fission
delta function source. The 18 source values are entered via
the *G-SVAL command.
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TDATR SAMPLE PROBLEM 6 - INPUT

*T1TLE FISSTON SQURCE PROMPT GAMMA RAYS
*G=SVAL 3.084=2 1,355=2 B.164=2 6,A72+2 R,678=3 e176R1 14017 490042 10729

641832 3,935%2 3,750=2 2,243=p 201162 7,483=3 §,23=3 6,79=4 {,58~4
*EXC




TDATR SAMPLE PROBLEM 6 - OUTPUT

TDATR PROBLEM NUMBER 3 FISSINN SOURCE PROMPT GAMMA RAYS
X R K R Xk Kk x kK & Kk kX kX F k Kk X * £ X X Kk k Kk X KX *k a2 A A £ kR X KX X %
GAMMA SNIRCE NORMAL TZATTIINT 1 ,000E400 GAMMAS/KIT

YIELD= | ,000F+00 KT TOTAL OUiPUT= 1 ,000FE400 GAMMAS

TIME(SEC)Y 7/ FENERGY | ENFRGY 2 ENERGY § ENFRGY 4 ENFRGY 5 ENERGY 6

0,0000F=01 SNBUAF =02 1439SFE=02 R 1hUE=02 6,872 =02 R, 678(=02 1.768t=01

A ok kK A X Kk K A & A A Ak K 2 X K Ak Kk A A X R Kk A F 3 o K K A X K KX X
BIMECSEE) 78 TENERGY 7 ENERGY A ENERGY 9 FNERGY 10 EMERGY {1 EMNERGY 12

N0,0000E=01 1.402¢6=01 1,008p=01 1,073E=01 6.183=02 3.9455F=02 3,756F=07

AR K K A K A K ok ok kK R A A Rk & X K Kk Kk R X R K A Rk K X A K Ak X %
TIME(SECY /7 ENERGY 138 FENERGY 14 FHNERGY 15 FNFRGY 16 ENFRCY {7 ENERGY 18

DeNONCE=01 2233k =02 2,116¢=02 7,u8%F =03 3.230F=03 6£.790F=04 1 ,580fp=04
N X R KR E K E RN E KK KRR E R E R KD K R N ERE E KX E K
TDATR PROBLEM NUMRER 5 FISSION SOURCE PROMPT GAMMA RAYS

K K & B X XN B R 2 ¥ FE X NKE KX NEEREERERE RN REEREBE R R
GROUND LFVEL 0,000KY, 0,000M/CHaxD, o _000kkET, 0,000MILES
eHgRTZ, RARGE RYMz 0, RDOKM, RA,A3200G/0ut k), 2.hPHKFT, 04971 ES
S| ANT RANGE RS= 0 _q00kM, RRL,I32GM/CHar?, 2,625k T, 0., 497MILES
YARGEY ALT, Hiz 1.,000KM, 116, 701GM/CMARD, 3 IRIKFT, (.621MILES
SNURCE AT, Haz  1.000KkM, 116, 7a10M/CuxxD, 3 D81kFT, 0,621MIES
*SILANT ANGIF A= 0,000DFGREES (€CNS= 1 ,00000)
*CAL CULATED FRIM ODTHER CIHIRNDINATES

# & & ¥ K8 ¥ R R & K & & £ & KA ¥ ¥ & % E K X X X ¥ L2 K ¥ E R & B NW

BB‘JHN& (T o gy |
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TDATR SAMPLE PROBLEM 6 - OUTPUT (Cont'd)

PROAMP I GAuwMA  CinCRETE DOSE (RAD/SEC)
LRSOL Tk LOCAL
T IMF TTMFE UNCOLLTDED SCATTIERED TNTaAL CUMULATIVE

1 .60V =06 BeN00E=10 7.,293%k=14 0.000E=01 7,293 =14 T.29%€E=23
i 2 2.670k=06 1.577E=09 N.000E=01 hoSHAE=1S  6,566F=15 R.051E=23
| 3 2.612E=06 3.9 /E=q9 0.000E=01 Seb636E=15 S.bi6E=15 9.u528 =23
I 4 2.h16E=(6 7.320E=09 Ne00OE=01 3.641E=15 3.641k=15 felldgk=22
* S 2.hRUE=0h 1S7THE=QR 0«000E=01 2« 321E=1% 2+321E=15 1.407E=22
IS 2.702F=06 3.395F=08 0.000E=01 1e266E=15 1e266F=15 1e722E=22
T 2. 142E=06 7.327E=08 0.000F=01 holUgkoyb 6,744E=16 2.0804E=22
8 2.R26F=qh 1w ST5E =gl 0.006E=01 3,357k=16 3.357F=16 2.070E=22
9 3.008E=06 3+ 395E=q? nNen00E=01 1e750F=16 1.750k=16 2.906E=22
10 3.401E=06 T.320F=07 0+000E=01 1.128E=16 1.128E=16 3.511E=22
11 4,240F=06 1.575F=06 0,000E=01 7152k 7 T152E=47 A,353E=22
12 honbiE=qb 3. 895F=06 0.000FE"01 2+66SE=47 2.6605E=17 4.996E=22
13 9.989F =6 7.320t =06 0.000E=0¢ 2+304E=48 2.304t =18 Set2ot=2?

k kX & & X & &« * k kK x X k A X A kX X X X Kk k& X X & X x X X X kX k A %k KX

PROMPT GAMMA  ATR DNSF (RAD/SEC)
ABSOLIITE LOC AL
TIME TiMe UMCOHLLIDED SCATIERED TNTAL CUMULATIVE

1 2.669F =06 S,000F =10 ho95hL =1 U 0.000F=01 h.I56F=14 6.956F=24
5 2 2ehlDE=0b 1.577/L=09 N.000E=01 h,2P0t=1% 6.220E=15 1.67Tut=2%
5 2.0712t=06 3,397L =09 n.n00F~01 Se379E=15 S.379E=15 9.011k=2%
4 2.h16E=0b Te320k=09 n.000kF=ny 350 35E=15 3,903E=15 1089 =22
°. 2.h8NE =00 1575k =08 0.000F=04 2.258E=15 2.258E=415 1« 348E=22
A 2.70pF=n6 3¢ 3095k <08 n.nnok=ny 1e200E=15 t.200E=15 1.657t=22
! 2. 142E=0hA T.320k=08R nenDNL =0y b.5?21E=1 6 be"H21b=16 2.010b=02
/ 2.826 =06k 1 «SISE=07 0.000kE=01 Sl TTE=)6 Bl 7IE=16 2. 516F=p2
9 3.007L =06 30895k ~n7 0e.000kE=01 1edAE=1h 1eu(BE=16h 2.109k=00
10 J.unpk=0b T.3208=0/ fen0nk=n1 Se«0aE=1 T S«Jaak=y7 §.045b=22
11 4,p4ut =06 1e575F=0h 0.000E=01 Pel0PE~=y 1 2 102E=(T 3.287E=p2
10 honbAb =0k 3,395k =0hA 0.000t=01 S.uR5E =18 S.48SE=4R 3.424E =02
13 Q,9H9E =0k 7.320b=06 n.00NE=01 3.ARKE=19 3.,R33F=19 joanab=p2

RN R RERE R E R F R AR KRR R E EAER R KR ERREREKRE D
22 FXECUTION COMPLETFED

8




AD=A0S53 464

UNCLASSIFIED

SCIENCE APPLICATIONS INC LA JOLLA CALIF

TIME DEPENDENT AIR TRANSPORT OF RADIATION (TDATR).(U)

JAN 76 L HUSZAR: W A WOOLSON DNAOO1=74=C=
SAI=76-562-LJ DNA=4061F

F/6 20/8
0027

END

\uu

\.'




I

122 =
2:2
wiz 22

11 B 22
I= 3= |

L

NATIONAL BUREAU OF STANDARDS
MICROCOPY RESOLUTION TEST CHART




i

Sample Problem 7

The geometry and response configurations for this
problem are the same as for sample problem 4. The source is
a time dependent Gaussian in the 8-10 MeV source group. The
parameters for the Gaussian are: the mean is at 10 shakes
the amplitude is 1 MeV/second and the full-width-at-half-
maximum (FWHM) is two shakes. The source time bins are
given by the *G-TIME command in shakes (the default unit).




TDATR SAMPLE PROBLEM 7 - INPUT

*VITLE GAUSSTAN SOURCE PROMPY GAMMA RAYS
*G=SOURCE (2)

*G=SVAL 17%0 1

*GeTIME 0 2 4 6 8 9 10 11 12 14 16 20 30
*G=GAUSS 10 1 2

*FXC
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TDATR SAMPLE PROBLEM 7

- OUTPUT

TDATR PROBLFM NUMBER

* A X k& & R X * & A X A A Kk A

GAMMA SNIIRCE

YIEL D=

TIME (SFEC) 4

0,0000F=01
2.,0000F=n8
4,0000F=08
6,0000F=n8
B,0000F=0R
9.0000E=08
1.0000E=07
1.1000F=07
1.,2000FE=07
1. 4000F=n/
1.6000Fk=07
2.0000k=07
3.0000E=07

X kK * X & A

TIME(SEC) /

0,0000E=01
2.0000E=n8
4,0000F=n8
h,0000F=08
R,0000F=08
9,0000F =04
1.0000E=n7
1.1000FE=n17
1.2000F=n7
1e4000k=n/
1.b000F =0/
2.00n0k=07
3.0000E=07

LR JNE T JEE TR JNE NS NEE NS TN T N DN DR DN AN BRI D JEE DR BN JEE NS B RN B JEE BEE JEE BEE N SR

4

GAUSSTAN SOURCE PROMPT GAMMA RAYS

NORMAL [ZATINNS 2,361 1F=01

1.000F+00 k1

ENERGY 1

0000 =01
NeNONE=01
N, 000F=01
000nE=n1
0,000F=01
N,20nE=01
NeN0OE=01
Ne00NE=01
N.000nkF=01
n,000k=01
Ne000E=01
N.0DN0E=01
0.000E=01

X F § £ K% & x R K KX K

ENFRGY !

N,000F =01
0.000F =01
0,000F =01
DeNGOF=01
Ne0NNE=01
-’\.Ol'l'\F-O’
NeNnk=01
NeNOOE=01
NeNAF =01
Ne0ONk=01
NeN0NF =014
0De.000F=01
0.000k=01

FNERGY

N.000L=01
Ve OOIOF =001
0.000E=n1
D,000E=n1
0,000L=01
0.000F=01
NeN00F~01
Ne000E~01
Ne000E=01
0.000F=01
N,000k=01
0e.000t=n1
N.000b=n1

ENERGY

0,000F=01
0.000t=01
0,000F =01
0.000t=01
N ,000E=01
N,000F=n0y
0.000F=01
0e000k=p1
Nennnt =ny
0enn0E=n1
Nne000t =01
Ne0uNE=01
De000k=n1

2 FNERGY

NeNOOE=01Y
D000t =01
0e000F=01
0.000kE=01
J.,000E=-01
DeNO0E=01
Oe00NE =01
N.000FE=01
0.000F=01
0.000F=n}
0,000F=01
N.000F=01
0,000k=01

X X

8 ENERGY

0,000F=01
NDeNOOF=nY
0,000E=01
0e000F=01
0.000F=01
N,000E =0}
hennnkE=n1
NenO0E=n1
o.nnofF=01
nenont=o1
n.000F=n1
Dennok=ay
nennot=01

98
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GAMMAS /KT

3 ENERGY

N.000E=01
0.00nE=01
N.00NE=01Y
0.000F=n1
0,000E=01
0.,000F=01
NeNOOE=n1
0.000F=01
0.000F=01
0.000k=01
0.000E~01
0.000E=n1
ne000E=01

A & kK A A % X kK * X x Kk X R

9 ENFRGY

0.000F=01
CeNNNt=01
N, 000F=n]
0,000F=01
n,00nE=01
0,N00F=NY
neN0NE=01
n.t0nE=n1
nennnt=n}
NeNNE=01
nen00E=nt
Ne0NOE=0Y
NennOb=01

10 ENERGY

X X X R Kk & x K K k K Xk X Kk X Kk X A & A

TOTAL OUTPUYT=s 2,.31E=01 GAMMAS

4 ENERGY

NeOOOF=01
0.000k=01
NeN000F=01
N.000t=01
0,000F=01
0.000E=01
0.000F=01
Ne000F=01}
Ne00N0E=01
0.000E=~01
n.000E=01
Ne000F=01
0.000F=01

0.000F=01
NeNONE=nNY
0,000F=01
0.000F=01
Ne0N0F=01
NeNONE=(}
Qe 00NF =01
NeNnNF=n1
n.n0nF=nt
nenONE=(1
0n.000E=01
NeNONE=nY
n.000E=01

R R S A Bt

S ENFRGY 6

%
3

0,000F=01
0.,000F=01
0.000t=01
0.000k=01
0,000E=01 | 2
0.000L=01 ' '
0.000E=01
0.,000E=01
0.000E=01
0.000E=01
0.000E=01
n.000F=01

ENFRGY 12

0,000F=01
n,000E=01
0,000F=01
0.000bE=01
0,000F=01
0, 000F=01
0.000b=01
n.000E=01
n.000kt=01
n.000E=01
n.000t=01
0.000L=01
n.000k=01




TDATR SAMPLE PROBLEM 7 - OUTPUT (Cont'd)

TIME (SEC) / FNERGY 13 ENERGY 14 ENFRGY 15 ENERGY )6 ENERGY 17 ENERGY 18

0.N000F=01 0,000e=01 0,000t=01 0,000F=01 0,000:=01 0,0006=01 R, 763¢=32
2.0000F=08 0,000E=01 0.000E=01 0.000F=01 0,000t=01 0.000E=01 6,022E=21
4,0000E=08 0.000E=01 0.000t=n1 0e000F=01 0.000E=01 0.000E=01 1,617E=12
Aho0000FE=08 0,000F=01 0,000E=01 0.000E=01 0«N00E=01 0.000E=01 1,695t =06
B8.0000E=08 0.000E=01 0.00nE=01 0.000E=01 0.000E=01 0.000F=01 6,944t =03
9,0000F=08 0.000E=01 0.000E=01 0+000E=01 ne000E=01 neN00FE=01 S,556F=02
1.0000E=07 0,000FE=01 0,000t=0y 0,000b=0)1 0,0900E=01 0,000E=01 1,911F=0y
1.1C00E~07 0,000E=01 0,000k=01 0,000E=01 0.000F=01 0,000E=01 5,556E=02
1+2000E=07 0,000k~01 0,000E«01 0,000E=0y 0,000E=01 Q.000F=01 4,944t =0%
1.4000F=07" 0,000FE=01 0.000E=01 0,000FE=~01 0,000F=01 0,000E=01 1,695E=06
1:.6000€=07  0.000t=01 0.000t=01 0.000E~0) 0.000E=01 0.000F=01 1.617E=12
2.0000E=07 0.000E=01 0.000t=01 0.000E=n1 0e000E=01 0.000t=01 B, 763F=%2
3.0000E=07 0,000F=01 0.000t=01 0,000E=g1 0.000E=01 0.000E=~01 0,000E=C1

XA X A Xk kK Kk & kX Ak Kk A K X X X A K X A X Kk R R A & A R X X A g A *

TDATR PRNBLEM NUMBER 4q GAUSSIAN SOURCE PROMPT GAMMA RAYS

X A X & kX A Kk x A K A A R R & R kK kA Kk Kk Kk K kK *k & Kk kK Kk A * & & 4

GROUND | FVEL 0,000KHM, 0.,000GM/CMa%2, 0,000KFT, 0,000MILES

AHORTZ, RANGE RHz  0,800KM,  BHR,962GM/Cura2,  2,625kFT, 0,497TMILES

SLANT RAMGE RSz 0,R00KN, RR_952GM/CMaa2, 2. h2SKFT,” 0, 497HILFS

TARGET ALT, MT= 1,000KRN, 11h,/a1GM/CHRR)D, 3.P81KFT, 0,621MILES

SOURCE AT, HSz= 1,000kMe 116, 7A1GM/CuErD, 5.2BI1KFT, Q,621MIL LS

*SLANT ANGLF AN= N,O00DEGREFS (CNS= 1,00000)

*CALCULATED FROM DIHER CUORDINATES
A K A & X & A *k & * & k& F * & A Kk £ X A kK Kk R kX X K A Kk X R R X A A %
PROMPT GAMMA  CONCREYE DSE (RAD/SEC)
ARSNOLUYTFE Lucaw
TIME TIME UNCOLL TDED SCATTERFD TATAL CUMULATIVE

1 2.hbOL =06 S5.,000r=10Q 0.,000F=01 DeNONE=01 0,000FE=01 0.000E=01
2 2.6/NE=06 1577L=09 le196t =24 0.000E=01 7.196F=24 ‘B.300F=33
3 PbTpF=06 34397L=09 1ed2AF =11 N 000E=0y 1e0pRF=114 3.551t=23
4 2.616F=06 7.320b=09 P52 =13 0eN0NE=n{ 2.052F=13 1.135E=21
S PebBab=gb  (.STHk=0R  0,795F=q4  penpoE=0)  2.792F=gn y . 856E=Dy
] 2. 100F=08 3.395E=04 GepbTE=49 Heb0SE=3Y Ne2b6Tt=19 1.457k=2y
/ 2.TUPF=0h 7.320E=08 0es000F=01 6.441E=28 b AUIE=28 1.1578=21
B 2.80KF=0b  1.575F=07  0e060F=0)  2em15E=p2  2.615F=22  1.457k=p)
¥ 3.00"F=as 3e375F~7 os0n0f =01 enyuE=28 J.b6qub=p8 1ed57k=2y
10 3.001E=0h To%20k=n7 ne.00pk=01 ne0n0F=01 0.000E=01 1.057E=21
11 d,24UF =6 1e57/5E=0n6 peOOE=0Y nennoE=ny nen00t =01 1057 =2)
12 b.0baF =06 3.39% =06 0ennnkE=p1 nennnfF=n1 Dennnk=014 1.457E=2
13 9,989 =06 7.320b=06 n.000F=01 ne00n0k=01 0.000E=01 1.457E=21
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TDATR SAMPLE PROBLEM 7 - OUTPUT (Cont'd)

PROMPT GAMMa  ATR DNSE
ABSOLUTH LOCAL

TIMF TIME UNCOLLIDFD

1 2 669 =06 S.N00f =10 NeN0NF=01
2 2.6’0!‘05 1057’P-0° 6008‘['80
3 2.672k=n6 3397 =09 tel07t =14
4 2.6768F=0b T.320E=09 1eT735E=13
S 2.6R4F =6 1.575E=¢8 2e86k=14d
b 2.702F=06 e 395F =08 3.607F=19
7 2+ 74pb=064 7.320F=08 0,000F=04
A 2.R2AF~06 1.575k=07 0,000E=01
2 3.008F=06 34395F =7 n.000F=0t
10 3.401E=06 T.320E=07 0, 000F=01
1 4,244F =06 1.575F=06 0.000k=01
12 6,061F=06 3.395F=06 0,000E=09
13 9,.989F=06 7.320E=06 0.000k=01

(RAD/SEC)

SCATIERFD
Ve NOOFE=01
Nne0NOE=01
n.cookF=at
ne000F=01
netoabt=01
3,986k =1%
Sleuk’?“
2.817E=22
‘.“”S&-aa
N,000E=01
0.000E=01
0,000E=01
0.000E=01

Toval

N,000E=01
6,083 =24
1.20/k=14
1e/358=13
2.360kE=14
3.60/F=19
S.b34k=28
2.317E=22
3,485k =R
0,000E=0y
0,000t=01
0,000E=09
0,000E=01

CUMULATIVE
0.000F=01
7.020E=33
3.002F=23
9.598k=22
1.231F=21
1.231F=21
1.231k=21
1.231k=21
1-231[-2|
1.231k=21
1.251E=21
1.231k=21
1.251F=21

TR TR R S SR TN N N LR TR SRR TN T S TR S T S S S S SN S S S Y
a+ EXECUTION CUMPLETED




DISTRIBUTION LIST

DEPARTMENT OF DEFENSE DEPARTMENT OF DEFENSE (Continued)
Director Chief
Armed Forces Radiobiology Research Institute Livermore Division Fld. Command, DNA
Defense Nuclear Agency Lawrence Livermore Laboratory
ATTN: COL McIndoe ATTN: FCPRL
Commandant Chairman
Armed Forces Staff College Office of Joint Chiefs of Staff
ATTN: Commandant ATTN: SAGA
ATTN: Technical Library
Assistant to the Secretary of Defense
Atomic Energy Office of Sec. of Def.
3 cy ATIN: Nuc. Policy Planning International Security Affairs
ATTN: Reg. Dir. {European)
Commander in Chief
U.S. European Command, JCS 0JCS/J-3
ATTN: J-3 ATTN: J-3
ATTN: J-5
0JCS/J-5
Director ATTN: J-5
Defense Advanced Rsch. Proj. Agency
ATTN: Tactical Technology Office USNMR /SHAPE
ATTN: Tech. Assessment Office ATTN: U. S. Documents Officer
Directar DEPARTMENT OF THE ARMY
Defense Civil Preparedness Agency
Assistant Director for Research Dep. Chief of Staff for Rsch. Dev. & Acq.
ATTN: J. 0. Buchanon Department of the Army
ATTN: DAMA-CSM-N
Defense Documentation Center ATTN: DAMA-CSM-N, LTC G. Ogden
f Cameron Station
] 12 cy ATTN: TC Deputy Chief of Staff for Ops. & Plans
Department of the Army
Director ATTN: Tech. Advisor
Defense Intelligence Agency ATTN: DAMO-RQS
ATTN: DIR-4C ATTN: DAMO-SSN
ATIN: DI-7
ATTN: DI-1 Commander
Eighth U. S. Army
Director ATTN: CJ-CO-A
Defense Nuclear Agency
ATTN: VLWS Commander
ATTN: STRA Harry Diamond Laboratories
ATTN: STNA ATTN: DELHD-RBF
ATTN: STSP ATTN: DELHD-RBG
ATTN: STVL ATTN: Chief Nuc. Vulnerability Br.
ATTN: DDST ATTN: DRXDO-TI Tech. Lib.
3 cy ATTN: TITL, Tech. Lib. 2 cy ATTN: DELHD-NP & DELHD-EM
ATTN: TISI, Archives
ATTN: RAIN Commander
Picatinny Arsenal
Under Secretary of Def. for Rsch. & Engrg. ATTN: T. Derosa
ATTN: S&SS (0S) ATTN: ND-C-T
ATTN: SARPA-ND-C, P. Angelotti
Commander
FC, DNA Commander
ATTN: FCPR U.S. Army Armor School
ATTN: ATSB-CTD
Director
Interservice Nuclear Weapons School Director
ATTN: Doc. Con. U.S. Army Ballistic Research Labs.

ATTN: DRXBR-AM
ATTN: DRXBR-X, Julius J. Meszaros
ATTN: Tech. Lib., Edward Eaicy

101




DEPARTMENT OF THE ARMY (Continued)

Commander
U.S. Army Comd. & General Staff College
ATTN: LTC Murry

Commander
U.S. Army Concepts Analysis Agency
ATTN: MOCA-WGP, COL Hincke

Commander in Chief

U.S. Army Europe and Seventh Army
ATTN: DCCSOPS-AFAGC-CDC
ATTN: DCSOPS-AEAGENS

ATTN: J-5
Commander
U.S. Army Forces Command
ATTN: AF-0OPTS
Commandant

U.S. Army Infantry School
ATTN: ATSH-CTD

Commander

U.S. Army Materiel Dev. & Readiness Cmd.

ATTN: DRCDE-D, Lawrence Flynn

Commander
U.S. Army Missile Command
ATTN: DRCPM-PE-E, E. B. Hartwell

Commander
U.S. Army Nuclear Agency
2 cy ATTN: Commander

Commander
U.S. Army Training and Doctrine Comd.
ATTN: ATCD-CF

Commandant
U.S. Army War College
ATTN: Library

Commander
vV Corps
ATTN: Commander

Commander
VIiI Corps
ATTN: Commander

Director
TRASANA
ATTN: R, E. Dekinder, Jr.

DEPARTMENT OF THE NAVY

Chief of Naval Material
ATTN: Mat. 0323, Irving Jaffe

Chief of Naval Operations

ATTN: OP 96
ATTN: 0P 604
ATTN: 0P 981

Chief of Naval Research
ATTN: Code 464, Thomas P. Quinn

Commandunt of the Marine Corps

ATTN: DCS (P&0) Requirements Div.
ATTN: DCS (P&0) Strat. Plans Div.

A2

102

e

DEPARTMENT OF THE NAVY (Continued)

Commanding General, MCDEC
ATTN: Commander

Commander
David W. Taylor Naval Ship R&D Ctr.
ATTN: Code L42-3, Library

Superintendent, Naval Academy
ATTN: Classified Library

Commander, Naval Ocean Systems Center
ATTN: Tech. Lib. for T. J. Keary

Superintendent (Code 1424)
Naval Postgraduate School
ATTN: Code 2124, Tech. Rpts. Librarian

Director, Naval Research Laboratory
ATTN: Code 2600, Tech. Lib.

Officer-in-Charge
Naval Surface Weapons Center
ATTN: Code WA50
ATTN: D. LeVine
ATTN: Code WA501, Navy Nuc. Prgms. Off.
ATTN: N. E. Scofield

President, Naval War College
ATTN: Technical Library

Commanding Officer
Naval Weapons Evaluation Facility
ATTN: J. Abbott

Commander-In-Chief
U.S. Atlantic Fleet
2 cy ATTN: JCS
ATTN: PO Box 10, Div. 20, Code 22

U.S. Pacific Fleet
ATTN: J-5
ATTN: PO Box 10, ACSI
ATTN: PO Box 10, J-216

DEPARTMENT OF THE AIR FORCE

AF Institute of Technology, AU
ATTN: ENP
ATTN: Library AFIT, Bldg. 640, Area B.

AF Weapons Laboratory, AFSC
: SAS

ATTN

ATTN: DYT

ATTN: NT, Carl Baum
ATTN: SUL

ATTN: SAW

Deputy Chief of Staff
Plans and Operations
ATTN: AFX0D

Hq. USAF/RD
ATTN: RDQSM

Hq. USAF/SA
ATTN: SAMI




———

P ——

Jpe——

T N —

DEPARTMENT OF THE AIR FORCE (Continued)

Commander

Tactical Air Commard
ATTN: XPS
ATTN: DCS/Plans

Commander

Strategic Air Command
ATTN: PFS

Commander in Chief
U.S. Air Forces in Europe

ATTN: XP

ATTN: DO
SAMS0/DY

ATTN: DYAE

USAF School of Aerospace Med. AFSC
ATTN: RA Chief Radiobiology Div.

DEPARTMENT OF ENERGY

Department of Energy
Controlled Thermonuclear Rsch. Div.
ATTN: Doc. Con. for Lester Price

Department of Energy
Division of Reactor Rsch. & Dev.
ATTN: Doc. Con. for Phil Hemmig

University of California
Lawrence Livermore Laboratory
ATTN: Robert Howerton, L-71
ATTN: Tech. Info., Dept. L-3
ATTN: Auston Odell, L-531
ATTN: M. Gustavson, L-21
ATiN: William J. Hogan, L-389
ATTN: George Staehle, L-24
ATTN: R. Barker, L-96 (Class L-94)

Los Alamos Scientific Laboratory
ATTN: Doc. Con. for R. Sandoval
ATTN: Doc. Con. for W. Lyons
ATTN: Doc. Con. for F. P. Young
ATTN: Doc. Con. for Donald Harris
ATTN: Doc. Con. for T. Dowler
ATTN: Doc. Con. for E. Chapin

Sandia Laboratories
ATTN: Doc. Con. for J. Kaizur
ATTN: Doc. Con. for 3141, Sandia Rpt. Coll.

Union Carbide Corporation

Holifield National Laboratory
ATTN: Doc. Con. for C. E. Clifford
ATTN: Doc. Con. for D. Bartine
ATTN: Doc. Con. for Rad. Shielding Ctr.
ATTN: Doc. Con. for Tech. Lib.

Sandia Laboratories
Livermore Laboratory
ATTN: Doc. Con. for Tech. Lib.

OTHER GOVERNMENT AGENCIES

Central Intelligence Agency
ATTN: RD/SI Rm. 5G48, Hq. Bldg.
for B. Sheffneer, 2922

103

OTHER GOVERNMENT AGENCIES (Continued)

Department of Commerce

National Bureau of Standards

Center for Radiation Rsch.
ATTN: J. Hubell

DEPARTMENT OF DEFENSE CONTRACTORS

Aerospace Corporation
ATTN: Library

The BDM Corporation
ATTN: John Bode
ATTN: Robert Buchanan
ATTN: Charles Wasaff
ATTN: Joseph V. Braddock

General Electric Company
TEMPO-Center for Advanced Studies
ATTN: DASIAC

The Boeing Company
ATTN: A. R. Lowrey

General Research Corporation
Washington Operations
ATTN: Phil Lowry

Institute for Defense Analyses
ATTN: 1Ida Librarian

IRT Corporation
ATTN: Tech. Lib.

Kaman Sciences Corporation
ATTN: Frank H. Shelton

Lockheed Missiles & Space Company
ATTN: Tech. Lib.

Martin Marietta Aerospace
Orlando Division
ATTN: M. Yeager

Mathematical Applications Group Inc. (NY)
ATTN: Martin 0. Cohen

McDonnell Douglas Corporation
ATTN: Tech. Library Services

Mission Research Corporation
ATTN: Dave Sowle

Pacific-Sierra Research Corp.
ATTN. Gary lLang

R&D Associates
ATTN: Harold L. Brode
ATTN: Cyrus P. Knowles
ATTN: C. MacDonald
ATTN: Richard Montgomery

Radiation Research Associates, Inc.
ATTN: Library

The Rand Corporation
ATTN: Technical Library




5o s

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Science Applications, Inc.
Chicago Office
ATTN: Dean Kaul

Science Applications, Inc.
ATTN: L. Huszar
ATTN: W. W. Woolson
ATTN: E. A. Straker
ATTN: Marvin Drake

Science Applications, Inc.
Huntsville Division
ATTN: T. E. Albert
ATTN: Noel R. Byrn

Ship Systems, Inc.
ATTN: Brian B. Dunne

104

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

System Planning Corporation
ATTN: J. Douglas

System, Science and Software, Inc.
ATTN: Tech. Lib.

Tetra Tech. Inc.
ATTN: Frank Bothwell

s A i e i, A N MASR ARG S T Mk Rl RSSRRT ns eatiinte- -'hsaqnam..,v
e ™




